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(1) 

NUTRIENT POLLUTION: AN OVERVIEW OF 
NUTRIENT REDUCTION APPROACHES 

TUESDAY, OCTOBER 4, 2011 

U.S. SENATE 
COMMITTEE ON ENVIRONMENT AND PUBLIC WORKS, 

Subcommittee on Water and Wildlife 
Washington, DC. 

The subcommittee met, pursuant to notice, at 2:30 p.m. in room 
406, Dirksen Senate Office Building, Hon. L. Benjamin Cardin 
(chairman of the subcommittee) presiding. 

Present: Senators Cardin, Sessions, Whitehouse, Inhofe, 
Boozman. 

OPENING STATEMENT OF HON. BENJAMIN L. CARDIN, 
U.S. SENATOR FROM THE STATE OF MARYLAND 

Senator CARDIN. Good afternoon, everyone. The Subcommittee on 
Water and Wildlife will come to order. 

Our hearing today deals with Nutrient Pollution, an Overview of 
Nutrient Reduction Approaches. I want to thank all of our wit-
nesses that are here. Nutrient pollution from nitrogen and phos-
phorus has consistently ranked as one of the top causes of degrada-
tion of some of U.S. waters for more than a decade. It results in 
significant water quality problems, including harmful algae blooms 
and declines in wildlife and wildlife habitat. These in turn harm 
the fishing, recreation and service industries that are dependent on 
the health of those waterways. 

The goal of today’s hearing is to document how nutrient pollution 
is a national problem. We will hear about its causes and impacts. 
We will also hear about effective approaches to reduce and control 
nutrient pollution. 

We invited two panels of witnesses to today’s hearing. They will 
report on how the Federal, State and local representatives have de-
veloped a variety of solutions tailored to meet the needs of indi-
vidual bodies of water. They will also relate how the low oxygen 
levels in our Nation’s water persist despite local efforts. 

On our first panel, representatives of the Environmental Protec-
tion Agency, the Department of Agriculture and U.S. Geological 
Survey will present scientific data on the impacts of nutrient pollu-
tion. They will speak to ongoing collaborative efforts between the 
agencies and local governments to stem the tide of pollutants. 

On the second panel we will hear from stakeholders about the 
first-hand impacts of nutrient pollution on such disparate activities 
as farming and outdoor recreation. We will also hear about innova-
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tive technologies and practices that are succeeding in reducing nu-
trient pollution in cost-effective ways. 

Nutrient pollution is bad for our Nation’s coastal waters and 
lakes. Excesses of nitrogen and phosphorus cause the concentration 
of dissolved oxygen in water to decrease to a level that can no 
longer support living aquatic organisms, creating vast dead zones 
in our Nation’s water. In the northern Gulf of Mexico this year, 
dead zones were in excess of 6,500 square miles, larger than the 
size of New Jersey. In the Chesapeake Bay this year, dead zones 
covered over one-third of the Bay. And waters outside the dead 
zone are threatened as well. 

A recent study found that in total, over 80 percent of the Chesa-
peake and its tributaries are either low oxygen or no oxygen as a 
result of nutrient pollution. Without sufficient oxygen levels, plants 
and marine life suffocate, leaving far fewer fish and shellfish for 
our Nation’s commercial and recreational fishermen. Deoxynized 
water also feeds algae blooms, making water unsuitable for both 
industry and recreation, including public health risks with the 
quality of our drinking water. 

This problem is not new. Forty years ago, we were warned that 
submerged grasses in the Bay were dying because of excess nitro-
gen and pollution. The grass beds provide shelter to oysters and 
waterfowl. Today, due to a combination of factors, including nutri-
ent pollution, the Bay’s native oyster population is small fraction 
of what it once was. 

As a result, the oyster harvest value has declined 88 percent in 
the past three decades. Further, in the past two decades, the num-
ber of working oystermen in the Bay has decreased 92 percent. 
Oystering once supported over 6,000 Maryland families. Today, 
only 500 oystermen remain. This is just one example of not only 
the environmental but also the economic devastation that nutrient 
pollution can cause. 

The Clean Water Act has helped tremendously with addressing 
pollution discharges from point sources, such as factories. However, 
by every scientific measure, the ecological health of the Chesapeake 
Bay is still poor. Its persistent ill health stems from the continued 
flow of pollutants including nutrients from non-point sources. 

I want to repeat what I said before. Despite the protection of the 
Clean Water Act, one-third of the Chesapeake Bay was unable to 
support aquatic life this year. The Bay and its tributaries have 
been harmed by too much runoff from farmlands, too much urban 
and suburban development, and too many impervious surfaces. 

Unfortunately, the Bay is not unique in suffering this harm. 
Water bodies across the Country are dealing with similar threats 
from nutrient runoff. In today’s hearing, we will be examining the 
best methods for addressing this pervasive problem. 

The Water and Wildlife Subcommittee has a responsibility to en-
sure that the Nation’s water quality laws are actually working and 
producing results. This is an ongoing debate about the appropriate-
ness of the Federal role in nutrient reduction. Some argue that po-
licing this runoff is an issue best left to the States. Well, in Mary-
land the State has spent $100 million a year over the past decade 
on nutrient reduction and improving the Bay. In spite of the State’s 
concentrated effort, the health of the Bay is still diminished. 
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The key to the Bay’s restoration lies in recognizing that it is 
merely the most obvious part of a much larger watershed. The 
Chesapeake Bay’s watershed encompasses six States and the Dis-
trict of Columbia. Maryland’s efforts alone cannot block runoff that 
originates across its borders. We must address the pollution in the 
Chesapeake Bay by dealing with all the pollution in the entire wa-
tershed. This is a watershed-wide problem and the only real rem-
edies lie in the watershed-wide solutions. A coordinated effort is 
necessary to restore our Nation’s treasure. 

The same is true with other water bodies across the Country, 
ranging from the Great Lakes to the Gulf of Mexico, from the Long 
Island Sound to the San Francisco Bay. Today’s hearing will dem-
onstrate that nutrient pollution can be mitigated with collaborative 
efforts and a coordinated role for Federal agencies. 

I want to again thank the witnesses who are joining us today in 
our effort to understand and reduce the damaging effects of dead 
zones on our Nation’s water. 

We will now to turn to the Ranking Republican Member of the 
Subcommittee, Senator Sessions. 

[The prepared statement of Senator Cardin follows:] 

STATEMENT OF HON. BENJAMIN L. CARDIN, U.S. SENATOR 
FROM THE STATE OF MARYLAND 

Nutrient pollution from nitrogen and phosphorus has consistently ranked as one 
of the top causes of degradation in some U.S. waters for more than a decade. It re-
sults in significant water quality problems including harmful algal blooms, hypoxia 
(low oxygen levels), and declines in wildlife and wildlife habitat. These, in turn, 
harm the fishing, recreation, and service industries that are dependent on the 
health of those waterways. 

The goal of today’s hearing is to demonstrate that nutrient pollution is a national 
problem. We will hear about its causes and impacts. We will also hear about effec-
tive approaches to reduce and control nutrient pollution. 

We have invited two panels of witnesses to today’s hearing. They will report how 
Federal, state, and local representatives have developed a variety of solutions tai-
lored to meet the needs of individual bodies of water. They will also relay how the 
low-oxygen levels in our nation’s waters persist despite local efforts. 

On our first panel, representatives of the Environmental Protection Agency, the 
Department of Agriculture, and the U.S. Geological Survey will present scientific 
data on the impacts of nutrient pollution. They will speak to ongoing collaborative 
efforts between the agencies and local governments to stem the tide of pollutants. 

In the second panel, we will hear from stakeholders about the firsthand impacts 
of nutrient pollution on such disparate activities as farming and outdoor recreation. 
We will also hear about innovative technologies and practices that are succeeding 
in reducing nutrient pollution in cost-effective ways. 

Nutrient Pollution and Low Dissolved Oxygen: 
Nutrient pollution is bad for our nation’s coastal waters and lakes. Excesses of 

nitrogen and phosphorus cause the concentration of dissolved oxygen in water to de-
crease to a level that can no longer support living aquatic organisms, creating vast 
‘‘dead zones’’ in our nation’s waters. In the northern Gulf of Mexico, this year’s dead 
zone was 6,765 square miles, larger than the size of New Jersey. In the Chesapeake 
Bay, this year’s dead zone covered over one third of the Bay. And waters outside 
of that dead zone are threatened as well. 

A recent study found that in total over 80 percent of the Chesapeake and its trib-
utaries are either low-oxygen or no oxygen as a result of nutrient pollution. 

Without sufficient oxygen levels, plants and marine life suffocate, leaving far 
fewer fish and shellfish for our nation’s commercial and recreational fishermen. De- 
oxygenated water also feeds vast and odorous algal blooms, making water unsuit-
able for both industry and recreation. 

This problem is not new, and its effects are not limited to wildlife. 
Forty years ago, we were warned that submerged grasses in the Bay were dying 

because of excess nutrients and pollution. The grass beds provided shelter to oysters 
and waterfowl. Today, due to a combination of factors including nutrient pollution, 
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the Bay’s native oyster population is a small fraction of what it once was. As a re-
sult, the oyster harvest value has declined 88 percent in the last three decades. 

Further, in the past two decades, the number of working oystermen on the bay 
has decreased 92 percent. Oystering once supported over 6,000 Maryland families. 
Today only 500 oystermen remain. This is just one example of not only the environ-
mental, but also the economic devastation that nutrient pollution can cause. 

The Clean Water Act has helped tremendously with addressing pollution dis-
charges from point sources, such as factories. However, by every scientific measure, 
the ecological health of the Chesapeake is still poor. Its persistent ill health stems 
from the continued flow of pollutants, including nutrients, from non-point sources. 

I want to repeat what I said before: Despite the protections of the Clean Water 
Act, one third of the Chesapeake was unable to support aquatic life this year. 

The Bay and its tributaries have been harmed from too much runoff from farm 
lands, too much urban and suburban development, and too many impervious sur-
faces. Unfortunately, the Bay is not unique in suffering this harm. Water bodies 
across the country are dealing with similar threats from nutrient runoff. In today’s 
hearing, we will be examining the best methods for addressing this pervasive prob-
lem. 

Making Sure Our Laws Work: 
The Water and Wildlife Subcommittee has a duty to ensure that the nation’s 

water quality laws are actually working and producing results. There is an ongoing 
debate about the appropriateness of the Federal role in nutrient reduction. Some 
argue that policing this runoff is an issue best left up to the states. Well, in Mary-
land, the State has spent $100 million dollars a year over the past decade on nutri-
ent reduction and improving the Bay. In spite of the state’s concentrated efforts, the 
health of the Bay is still diminished. 

The key to the Bay’s restoration lies in recognizing that it is merely the most obvi-
ous part of a much larger watershed. The Chesapeake Bay’s watershed encompasses 
six states and the District of Columbia. Maryland’s efforts alone cannot block runoff 
that originates across its borders. We must address the pollution in the Chesapeake 
by dealing with all the pollution in the entire watershed. This is a watershed-wide 
problem and the only real remedy lies in watershed-wide solutions. A coordinated 
effort is necessary to restore this national treasure. 

The same is true of other water bodies across the country, ranging from the Great 
Lakes to the Gulf of Mexico, and from Long Island Sound to San Francisco Bay. 

Today’s hearing will demonstrate that nutrient pollution can be mitigated with 
collaborative efforts and a coordinating role for Federal agencies. I want to thank 
our witnesses for joining us today to assist in our efforts to understand and reduce 
the damaging effects of dead zones in our nation’s waters. 

OPENING STATEMENT OF HON. JEFF SESSIONS, 
U.S. SENATOR FROM THE STATE OF ALABAMA 

Senator SESSIONS. Thank you, Chairman Cardin. You have the 
great historic Chesapeake Bay, and we have the historic Mobile 
Bay. I have been involved over the years with those who have com-
mitted great effort and leadership to improving the quality of Mo-
bile Bay. 

And I have concluded that nutrient and sediment runoff is prob-
ably the greatest threat to our bays. We have a number of chemical 
companies and industrial plants up and down the river. But over 
the years, those have been improved dramatically, very little runoff 
in terms of chemical pollution into our waters. 

But sediment, nutrients from fertilizers and all do present prob-
lems. There is no doubt about it. And it is a good thing for us to 
talk about. Nutrient pollution, as you noted, contributes to dead 
zones in the Gulf of Mexico, which is around 3,000 to 9,000 square 
miles, which is a large area. It represents, however, I would note, 
about 1 percent of the Gulf of Mexico, but it is a dead zone that 
I think can be traced to nutrient runoff. 

In Mobile Bay, over the centuries, we have had jubilees, when 
crab, shrimp, fish come up on the shore. They have done this since 
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the founding of the area 300 years ago. They have been docu-
mented. So some of this is natural, where the oxygen level is re-
duced and the fish have to move away from it. But we know that 
many things that happen today are exacerbating that. 

So the question, I do think, this afternoon is what should the 
Federal Government do and what role should they play in this 
problem. The House Subcommittee on Water Resources held a 
hearing in June. Testimony at that hearing showed that nutrient 
pollution cannot be remedied through a national numeric water 
quality standard, a uniform national standard would not be effec-
tive. Whether nutrient levels are helpful or harmful to water qual-
ity, in some cases, they could be helpful, water depth, flow rates, 
temperatures, sunlight and other site-specific factors determine 
what are the danger areas. The sources of nutrient pollution also 
differ from region to region. 

So I do think it is fair to say a one size fits all, a national regula-
tion of uniform approach is not the right way to go forward. I do 
believe we should rely primarily on States to develop water quality 
standards for nutrients in a manner that they believe effective. 
Multiple States can work together collaboratively. Voluntary efforts 
by the agricultural community and landowners and industries can 
also be helpful, and indeed, are being helpful. I know in Mobile, 
they have drawn up an entire map of the Bay and where the run-
offs are occurring and progress has been made over the years to-
ward reducing that. 

But I am concerned, the approach EPA is currently taking in 
places like Florida, instead of the cooperative federalism, EPA does 
seem to be utilizing coercive federalism. So I believe that is an 
unhealthy trend. I question whether EPA has the resources to de-
velop standards nationwide, national standards. And I would like 
to offer for the record at this time written comments submitted by 
stakeholders in my State, from the Alabama Department of Envi-
ronmental Management who works on this, the Alabama Depart-
ment of Agriculture, John McMillan, Commissioner, and the Farm-
ers Federation of Alabama, ALFA, and their remarks. 

Senator CARDIN. Without objection, all those statements will be 
included in the record. 

[The referenced information follows:] 
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lANCE R. LEFLEUR 

DIRECTOR 

The Honorable Jeff Sessions 

ADEM 
Alabama Department of Environmental Management 

adem.alabama.gov 

1400 Co!isevn Blvd. 36110-2400 o Post Office Box 301463 
Montgomery, Alabama 36130-1463 

(334)271 7700 • FAX {334)271-7950 

September 30, 20 II 

Ranking Member, Subcommittee on Water & Wildlife 
United States Senate 
326 Senate Russell Building 
Washington DC 20510 

RE: Nutrient Pollution: An Overview of Nutrient Reduction Approaches 

Dear Senator Sessions: 

ROBERT J. BENTLEY 

GOVERNOR 

The Alabama Department of Environmental Management wishes to thank the subcommittee 
members for this opportunity to offer its thoughts on nutrient reduction approaches. 

The Problem 

Nutrients serve a very important role in our environment. They provide the essential building 
blocks necessary for growth and development of healthy aquatic ecosystems. However, if not properly 
managed, nutrients in excessive amounts can have detrimental effects on human health and the 
environment, creating such water quality problems as excessive growth of macrophytes and 
phytoplankton, harmful algal blooms, dissolved oxygen depletion, and an imbalance of flora and fauna. 
Based on water quality reports to Congress, nutrient over-enrichment is identified as one of the leading 
causes of designated use impairments to surface waters throughout the Nation. 

History of Addressing the Problem 

In 1998, the United States Environmental Protection Agency (EPA) published a national strategy 
to address nitrogen and phosphorus pollution and states were given the responsibility of developing and 
implementing numeric nutrient criteria to protect designated uses in the Nation's surface waters. Since 
that time, the states and EPA have invested enormous resources in efforts to develop scientifically sound 
criteria while continuing to reduce nitrogen and phosphorus loading to waters already impaired by over­
enrichment. The development of numeric nitrogen and phosphorus criteria using available science has 
not been an easy task because of the many confounding factors that affect how natural aquatic systems 
respond to nitrogen and phosphorus inputs. EPA's 1998 strategy recognized the complexity of this issue 
by stating that one set of criteria will not work for all waters or waterbody types. Identification of the 
level at which nitrogen or phosphorus or both nutrients result in a detrimental response in an aquatic 
ecosystem is the Holy Grail that researchers seek and, in some notable cases, have been successful in 
finding, However, for the vast majority of states this causal link between nitrogen and phosphorus 
enrichment and impairment of the designated use continues to be elusive. Establishing numeric nitrogen 
and phosphorus criteria for surface waters and using those numeric concentrations to determine use 
impainnent fails to recognize the important link between nutrients, the response to nutrients, and 
protection of the designated use. 

Birmingham Branch 

UO Vulcrm Road 
Birmingham, AL 35209-4702 
(205) 942·6168 
(205) 941-1603 (rAX) 

Decatur Bra:ti.b 
2715 Sandlin Road, S. W. 
Decatur, At. 35603·1333 
(256) 35;j··l:'J 3 
(256) 340·9359 (F-AX) 

Mobile Branch 
2204 Perimeter Road 
Mobile. AL 36615· 7.131 
(251] 450--3400 

{251) 479--2593 (FAX) 

Mobile-Coastal 
4171 ComManders Drive 
Mobile, AL36615·1421 
{251}432·6533 
(251) 432·6598 (FAX) 
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EPA's Approach to the Problem 

For this reason, many states, including Alabama, are advocating an approach that would set 
numeric criteria for nitrogen or phosphorus or both for waterbodies using the best available scientific 
information but would allow the determination of use impairment to be made on the basis of impacts to 
aquatic communities. EPA's policy on independent applicability states that exceedance of numeric 
criteria represents impairment of the designated use regardless of the response in the biological 
community. This approach seems unreasonable for pollutants such as nitrogen and phosphorus which are 
not toxic and which elicit such a wide range of responses in natural systems. 

Alabama's Approach to the Problem 

Alabama's nutrient criteria development approach has focused on addressing those waterbodies 
where available data could be used to establish a response threshold as the basis for establishing numeric 
criteria. In the case of Alabama's large reservoirs, this response has been the green pigment, known as 
chlorophyll a, produced by microscopic plants growing in the water column. To date, Alabama has 
successfully established chlorophyll a criteria for 3 7 of its 41 large reservoirs. The State believes that the 
use of a response variable only approach for reservoirs is an effective way to address the issue of nutrient 
over-enrichment in this waterbody type but recognizes that when the chlorophyll a criterion is exceeded, 
reductions in either nitrogen, phosphorus, or both may be necessary. In flowing waters, the complexity of 
the relationship between nitrogen and phosphorus concentrations and the detrimental response is much 
greater and more site-specific and the criteria development process must allow for protection of 
downstream uses or uses in downstream states. Alabama is currently involved in several efforts to 
understand nutrient-response relationships in flowing streams, rivers and estuaries and expects to move 
forward with numeric nutrient criteria development once these studies are completed. 

Impacts of319 Program 

Nutrient reduction efforts in Alabama, and in most other states, began long before EPA released 
the 1998 National Nutrient Strategy. Reduction in nutrient loading to state waters has been achieved 
through both voluntary and regulatory approaches. Congressional funding of Clean Water Act Section 
319 programs in states has resulted in the installation of thousands of agricultural best management 
practices to control runoff of nitrogen and phosphorus from agricultural lands. This voluntary program, 
administered by states, provides cost-share funds to farmers who install practices that restore and protect 
water quality. Despite the success of this program, non point source runoff continues to be a major source 
of nutrients in our waters. In a time of reducing budgets, this program must be maintained at a level that 
supports this vital stakeholder-driven effort. Funding for Section 319 programs is helping to protect 
Alabama's valuable water resources from the Flint Creek watershed in the Tennessee Valley to the North 
River watershed and its public water supply near Tuscaloosa to the Hurricane Creek watershed in the 
wiregrass area of south Alabama. 

Water Quality-Based vs Technology-Based Effluent Limits Guidelines 

Shortly after the passage of the Clean Water Act in 1972, EPA began developing effluent 
guidelines for municipal and industrial wastewater treatment facilities. These EPA effluent guideline 
limits define the minimum treatment levels for various pollutants that would be allowed tor various 
industrial categories and for publicly owned treatment works and are referred to as technology-based 
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effluent guideline limits. Effluent limits necessary to protect the designated uses of receiving streams are 
referred to as water quality-based effluent limits. 

Regulatory approaches to nutrient reduction have been driven primarily by the need to reduce 
nutrients in impaired waters. States have established water quality-based effluent limits for nitrogen or 
phosphorus or both for wastewater treatment facilities that discharge to these impaired waters. However, 
only a handful of states have established technology-based nutrient limits to be applied to municipal or 
industrial wastewater treatment facilities in the state. Development of effluent guidelines is generally a 
costly and time-consuming process; however, much of this work has already been accomplished by the 
wastewater treatment industry to comply with nutrient reductions in impaired waters and nutrient removal 
technologies and performance standards are becoming widely available. 

Amending the "secondary treatment" standards established by EPA in 40CFR 133 at the national 
level to include minimum treatment levels for nitrogen and phosphorus would level the playing field for 
municipalities and result in widespread nutrient reductions. In the absence of national effluent guidelines 
for nitrogen and phosphorus or until states finish the task of establishing numeric nitrogen and/or 
phosphorus criteria for state waters, effluent limits for nutrients will continue to be determined on a case­
by-case basis with a few facilities required to meet very stringent nitrogen or phosphorus limits while 
others are free from nutrient treatment requirements. In either case, Congressional funding of states 
through the Clean Water Revolving Loan fund is critical to achieving meaningful nutrient reductions from 
publicly owned treatment works. 

Conclusion 

In conclusion, states need time, resources, and flexibility to address nutrient pollution using 
approaches that rely on the best scientific information available and that apply necessary reductions fairly. 
Reduction of nutrients from nonpoint sources requires strong partnerships between regulatory agencies, 
landowners, municipalities, industries, and citizens. Continued support for EPA's Section 319 program is 
critical to ensuring that the partnerships remain strong and active. States will continue to develop nutrient 
limits for municipal and industrial treatment facilities where necessary to restore water quality and protect 
designated uses. In the meantime, however, EPA can be proactive by updating the "secondary treatment" 
standards to include technology-based effluent guideline limits for nutrients. Regardless, publicly owned 
treatment works need continued funding through programs such as the Clean Water Revolving Loan fund 
to achieve nutrient reductions. 

Thank you again Mr. Chairman and members of the Committee for this opportunity to provide 
comments on this important issue. 

LRLILS/ghe 

;t:Jf~}[ 
Lance R. LeFieur 
Director 
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Senator SESSIONS. Director LeFleur, of the Alabama Department 
of Environmental Management, explains that ‘‘Many States, includ-
ing Alabama, are advocating an approach that would set numeric 
criteria for nitrogen or phosphorus for water bodies using the best 
available science but would allow determination of use impairment 
to be made on the basis of impacts on the aquatic communities.’ 
Jerry Newby at ALFA explains that farmers are increasingly im-
plementing ‘‘production practices that allow them to be better envi-
ronmental stewards.’ 

So Mr. Chairman, I would ask that the record be left open for 
2 weeks to allow members to submit additional material, if that is 
appropriate. 

Senator CARDIN. Without objection, the record of the Committee 
will be held open for 2 weeks. 

Senator SESSIONS. Thank you, Mr. Chairman. 
I believe this will be a healthy hearing, and will deal with the 

tension of a desire to utilize local people who have been working 
on these estuaries and bays and the Gulf for years, maybe decades, 
and how they can appropriately work with the national Environ-
mental Protection Agency to improve water quality. 

Senator CARDIN. I thank Senator Sessions for your comments. 
I now turn to the Ranking Republican Member of the full Com-

mittee, Senator Inhofe. 

OPENING STATEMENT OF HON. JAMES M. INHOFE, 
U.S. SENATOR FROM THE STATE OF OKLAHOMA 

Senator INHOFE. Thank you, Mr. Chairman, for calling the hear-
ing today. I appreciate the Committee’s broad approach to the ex-
tremely complex and difficult topic of nutrient pollution. 

I also want to thank this Committee for its leadership on a num-
ber of important issues like hydraulic fracturing. I want to single 
you out, Mr. Chairman, for your very kind words you had for our 
Oklahoma witnesses and your recognition as to how serious this 
subject is. 

I am eager to hear from Ms. Shellie Chard-McClary, who is from 
Oklahoma, sitting in the third row back there with a smile on her 
face. That won’t last long. 

[Laughter.] 
Senator INHOFE. Yes, it will. She is a delightful person. She is 

with our Oklahoma Department of Environmental Quality. She is 
Division Director of the Water Quality Division. 

Then we also have from the States’ perspective Richard Budell, 
who is the Director of the Office of Agricultural Water Policy for 
Florida. It is very important for us to hear the States’ perspective. 
Because there is a propensity in Washington that all answers and 
al problems are resolved here. And we know better than that. 

Nutrients are different from other water pollutants, because they 
are not intrinsically toxic. They occur naturally and their presence 
is essential to healthy water bodies. However, when conditions 
such as sunlight, temperature, water flow and background water 
chemistry are right, they can be problematic. I know that we went 
through this experience in Oklahoma last June. A lot of people are 
not aware, probably some in this room are not aware of the fact 
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that Oklahoma has the largest, the most miles of freshwater shore-
line of any of the 50 States. And we spend a lot of time on that. 

Senator SESSIONS. That can’t be. 
Senator INHOFE. That is true, yes, it is. You are all saltwater 

down there. 
Senator SESSIONS. A lot of it. 
Senator INHOFE. But anyway, last June, this is an experience 

that you guys may not know about, I was down there at our place 
at Grand Lake, it is a huge lake. One my little granddaughters was 
down there, and it was Monday and I was going to have to catch 
a plane and come to Washington. And where I was swimming, I 
said, come on in, Molly, come on in. No, I don’t want to, Papa. No, 
come on in. And finally she said, what is that green stuff down 
there? It looked like little amoebas floating around down in the 
water. I said, it is fine, there is no problem. 

I got to Washington that night, I thought I was going to die for 
two nights. Because I got the blue green algae. I always thought 
people were faking it, but it is for real. 

So that is the type of thing we are talking about now, and it is 
serious. In fact, people felt so sorry for the pain I was going 
through I even got a get well card from the Sierra Club. 

[Laughter.] 
Senator INHOFE. Because of all the factors that contribute to nu-

trient pollution, the levels may be impairing one body of water and 
may be healthy for another. And this is exactly what happened in 
my State of Oklahoma in four different lakes. 

So I recently released a report exposing the high cost of the 
EPA’s water regulations and the impacts on State and local govern-
ment. The Clouded Waters report explores some of the major re-
gional initiatives to control nutrient pollution in the Chesapeake 
Bay and Florida. These strict regulatory approaches are costly and 
have questionable environmental gains attached to them. I hope we 
can learn from these expensive, heavy-handed approaches and find 
ways to support States in developing scientifically sound manage-
ment approaches to dealing with nutrient reductions that don’t 
force an unfair choice between a healthy economy and a healthy 
ecosystem. 

Thank you, Mr. Chairman. 
[The prepared statement of Senator Inhofe follows:] 

STATEMENT OF HON. JAMES M. INHOFE, U.S. SENATOR 
FROM THE STATE OF OKLAHOMA 

I’d like to thank Chairman Udall for holding this hearing. I know the issue of ura-
nium mill tailings remediation is of special concern to him and before that, to his 
father, Congressman Mo Udall, with whom I had the pleasure of serving in the 
House. I understand and share his concerns since we have one such site in Gore, 
Oklahoma. The Sequoyah Fuels Corporation operated as a uranium processing facil-
ity until 1992. In 2002, the Nuclear Regulatory Commission reclassified its wastes, 
bringing it under the authority of the Uranium Mill Tailings Radiation Control Act, 
authored by Congressman Udall. 

The operations at many of these uranium mines and mills spanned decades and 
the associated remediation must also. This is a source of great frustration to many 
people impacted by these sites. I look forward to learning about the progress these 
agencies are making to clean up the Federal Government’s uranium mining and 
processing legacy from the cold war. 

In preparing for today’s hearing, I am struck by the contrast between the levels 
of public health protection in the early decades of uranium mining with the require-
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ments placed on modern day operations. NRC and EPA regulation of these facilities 
appears fairly comprehensive from groundwater protection requirements for In Situ 
Leach (ISL) mining to storage and disposal of tailings from conventional mines. For 
example, tailings can only be stored in specially constructed, ‘‘zero-discharge’’ facili-
ties, with multiple liners and leak detection systems. Mill operators must also pro-
vide financial surety adequate to completely decommission the mill and reclaim the 
site. It is my hope that this thorough regulation of modern uranium mining reflects 
the lessons of our past, but does not inhibit the successful development of such fa-
cilities. 

Our nation’s economy depends on plentiful supplies of clean, affordable energy. 
Nuclear energy makes a crucial contribution to our energy supply, providing nearly 
20 percent of our electricity—clean electricity that doesn’t emit air pollutants. I hope 
to see this clean energy source grow in the near future. As our demand for uranium 
increases, it makes sense to me that we should harness domestic resources of ura-
nium to a practical extent. This not only enhances our energy security, but also cre-
ates jobs: up to 300 jobs at each conventional mine and another 300 jobs at uranium 
processing mills. 

We can’t lose our focus on important efforts to clean up past activities, but we 
can’t allow that legacy to obscure our development of clean energy. Modern uranium 
mining is vastly different from the government’s unfettered activities in the 1950’s. 
It is safer, cleaner, and supports the increased use of nuclear energy to meet our 
energy security needs. We need to maintain a balance between adequate protection 
of public health and safety, and the timely licensing of new uranium production fa-
cilities while we continue solving the uranium legacy left over from the cold war. 

Senator CARDIN. Thank you, Senator Inhofe. You should listen to 
your granddaughter. 

Senator INHOFE. Yes, I know it. I do from now on. 
Senator CARDIN. Senator Whitehouse? 

OPENING STATEMENT OF HON. SHELDON WHITEHOUSE, 
U.S. SENATOR FROM THE STATE OF RHODE ISLAND 

Senator WHITEHOUSE. Thank you, Chairman Cardin. Thank you 
for hosting this hearing. And I want to thank the Ranking Member 
as well. This is a very important issue. 

I would like to ask unanimous consent to add into the record of 
these proceedings an article entitled Dead Zones are Killing Ocean 
Ecosystems, by Jessica Wurtzbacher, who is an adjunct professor 
of biology at Roger Williams University in Rhode Island and lives 
in Jamestown. She reports that the number of dead zones around 
the world in the past 60 years has gone up nearly 10 times, from 
about 42 to over 400. And while the Baltic Sea is probably the big-
gest one, as has been mentioned already, the Gulf of Mexico is the 
biggest in the Continental United States. The Chesapeake Bay has 
very, very significant dead zones, occupying about 40 percent of the 
Bay in the summer. 

And we in Rhode Island, in the Greenwich Bay area off of Narra-
gansett Bay, saw a very significant fish kill a few years ago from 
a dead zone that erupted as warm waters and nutrients, contrib-
uted to an algae bloom that killed off the fish. But even if it is not 
killing off the fish, in a State like Rhode Island, where we are so 
proud of our coasts and where people come from all around the 
world to experience Rhode Island in the summer, a day at the 
beach with a red tide is not the kind of day that people are going 
to go home and say, that is a great place to go. It really has an 
economic effect, as well as the biological effects. 

So I appreciate very much that you have held the hearing, and 
again, if I could have unanimous consent. 
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Senator CARDIN. Without objection, the entire article will be 
made part of our record. 

[The referenced information was not submitted at time of print.] 
Senator WHITEHOUSE. I appreciate it. 
Senator CARDIN. Senator Boozman. 

OPENING STATEMENT OF HON. JOHN BOOZMAN, 
U.S. SENATOR FROM THE STATE OF ARKANSAS 

Senator BOOZMAN. Thank you, Mr. Chairman. I appreciate you 
and the Ranking Member allowing me to sit in on the Sub-
committee. In the interest of time, I will submit something to the 
record. 

Senator CARDIN. Thank you. Without objection, your statement 
will be made part of the record. 

Now let me just introduce briefly our first panel of witnesses. 
First we have Bill Werkheiser. He is the Associate Director for 
Water for the U.S. Geological Survey. Mr. Werkheiser is respon-
sible for USGS water related research and activities needed to un-
derstand our Nation’s water Resources. 

We have Nancy Stoner, who presently serves as the Acting As-
sistant Administrator for Water at the U.S. Environmental Protec-
tion Agency. Previously, Ms. Stoner served as the Deputy Assistant 
Administrator for Water at EPA. 

Then we have Dave White. Mr. White was named Chief of the 
Natural Resources Conservation Service for the USDA in 2009. He 
provides overall leadership for activities of the Natural Resources 
Conservation Service to help people conserve, maintain and im-
prove our natural resources and environment. 

We will start with Mr. Werkheiser. 

STATEMENT OF WILLIAM H. WERKHEISER, ASSOCIATE 
DIRECTOR FOR WATER, U.S. GEOLOGICAL SURVEY 

Mr. WERKHEISER. Chairman Cardin, and members of the Sub-
committee, thank you for the opportunity to appear before the Sub-
committee with my colleagues from EPA and NRCS to testify on 
our research findings related to nutrients in the Nation’s streams 
and aquifers. 

Last year, USGS released the results of a comprehensive na-
tional assessment of nutrients in streams and groundwater that de-
scribe current nutrient conditions, how these conditions have 
changed over time, potential effects on humans and aquatic life, 
and important natural and human factors affecting nutrient con-
centrations. Our findings show that concentrations of nitrogen and 
phosphorus were 2 to 10 times greater than levels recommended to 
protect aquatic organisms in most agricultural and urban streams 
across the Nation. 

Despite major Federal, State and local efforts to control point 
and non-point sources of nutrients, concentrations of nutrients 
have remained the same or increased in many streams and 
aquifers across the Nation since the early 1990’s. There are some 
exceptions to these findings, but in general, these findings are con-
sistent with relatively stable sources of nutrients from chemical 
fertilizer, manure and atmospheric deposition since the 1980’s. 
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One of the most important hydrologic factors associated with 
high nitrogen concentration in streams is the presence or absence 
of subsurface tile drains. Tile drains are used in clay soils to pre-
vent rapid dewatering of the root zone, which is necessary for 
healthy crops. Tile drains increase nutrient concentrations in 
streams by moving rainwater and nutrients from the soil rapidly 
to the streams. We found that areas with tile drains export about 
three times more nitrogen than other agricultural watersheds. 

One of the most important findings in the assessment is that 
groundwater contributions of nitrogen to streams can be quite sig-
nificant. For many of the streams we assessed, at least one-third 
of the total annual load of nitrate was contributed by groundwater 
flow into streams. This means that significant errors may be intro-
duced into the nutrient load allocation process if nitrogen con-
centrations from groundwaters are not taken into account. 

This also means that it is important to consider the relative im-
portance of groundwater contributions before deciding which con-
servation practices are most appropriate. For example, conserva-
tion practices designed to reduce runoff to streams may have only 
a limited effect on nutrient loads in streams where groundwater 
contributions of nutrients are substantial. 

Nitrate is a continuing human health concern in drinking water, 
particularly in shallow private wells and agricultural areas. Con-
centrations exceeded the current drinking water standard of 10 
milligrams per liter in 7 percent of more than 2,000 private wells 
sampled by USGS. The quality and safety of water from private 
wells, which provide drinking water to about 15 percent of the U.S. 
population, are not regulated by the Safe Drinking Water Act. 
Rather, they are the responsibility of the individual homeowner. 

Our findings show that the percentage of all sampled wells with 
nitrate concentrations greater than the drinking water standard in-
creased from 16 percent to 21 percent since the early 1990’s. In 
fact, we expect that nitrate concentrations are likely to increase in 
many private and public supply wells during the next decade as 
shallow groundwater with high nitrate concentrations move down-
ward to the deeper parts of the aquifer used by many public water 
utilities. 

There are two reasons for this. First, nitrate can persist in 
groundwater for years or even decades and may continue to be 
present at high concentrations because of past land management 
practices. Second, because of the slow movement of groundwater, 
there is a lag time between what happens on the land surface and 
chemical changes in water that reaches a deep well. What this 
mean is that water quality will likely get worse in many places be-
fore it gets better, regardless of what we do now. In fact, improve-
ments in water quality that might resolve from reducing nutrient 
sources on the surface may not be apparent in some watersheds for 
years or even decades. 

Thank you, Mr. Chairman, for the opportunity to share USGS re-
search findings on this very important topic. I will be happy to an-
swer any questions you or the other members may have. 

[The prepared statement of Mr. Werkheiser follows:] 
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STATEMENT Of' WILLIAM H. WERKHEISER 

ASSOCIATE DIRECTOR FOR WATER, U.S. GEOLOGICAL SURVEY 

DEPARTMENT OF THE INTERIOR 

BEFORE THE SENATE COMMITTEE ON ENVIRONMENT & PUBLIC WORKS 

SUBCOMMITTEE ON WATER AND WILDLIFE 

OVERSIGHT HEARING NUTRIENT POLLUTION: AN OVERVIEW OF NUTRIENT REDUCTION 

APPROACHES 

OCTOBER 4, 2011 

Chairman Cardin and Members of the Subcommittee, I appreciate the opportunity to appear before the 
Subcommittee on Water and Wildlife of the Committee on Environment and Public Works with my 
colleagues from EPA and NRCS to testify on the findings of the U.S. Geological Survey (USGS) studies 
of nutrients in the Nation's streams and aquifers. I am William H. Werkheiser, Associate Director for 
Water. 

The USGS serves the Nation by providing reliable scientific information to describe and understand the 
Earth; minimize loss of life and property from natural disasters; manage water, biological, energy and 
mineral resources; and enhance and protect our quality of lik Monitoring and assessment of water 
quality conditions in the Nation's streams and aquifers and research on the transport and fate of 
contaminants in the environment has been a fundamental part of the USGS mission for more than 100 
years. Work on nutrients has been a major part of these efforts. 

Nutrients are essential for healthy plant and animal populations and provide a range of benefits 
including increased food production for a growing global population. Too many nutrients, however, are 
not necessarily a good thing, and can have adverse effects on water quality, drinking water sources, 
recreation, and aquatic life. For example, excessive nitrate in drinking water can lead to "blue-baby 
syndrome", or methemoglobinemia, in which oxygen levels in the blood become too low, sometimes 
with tatal results. Elevated concentrations of nitrogen and phosphorus in streams, lakes, and estuaries 
can cause excessive growth of algae and other nuisance plants (a condition known as eutrophication). 
These plants can clog pipes and interfere with recreational activities such as fishing, swimming, and 
boating. Subsequent decay of algae can result in foul odors and a decrease in the amount of dissolved 
oxygen in water, also known as hypoxia. Hypoxic conditions, such as those found in the Gulf of 
Mexico, can harm fish and shellfish that are economically and ecologically important to the Nation, 
Data submitted by States in 2004, the most recent reporting date to the U.S. Environmental Protection 
Ageocy, indicate that 51 percent of the waters they surveyed are too contaminated for basic uses, such as 
fishing and swimming, because of their nutrient content. The U.S. Geological Survey recently 
completed a comprehensive national analysis of the distribution and trends of nutrient concentrations in 
streams and groundwater as part of the National Water Quality Assessment Program (Dubrovsky and 
others, 20 I 0). The following statement provides an overview of some of the major findings from this 
analysis. 

Occurrence and Distribution of Nutrients in Streams and Groundwater 

Streams: Nutrients occur naturally in water, but elevated concentrations usually originate from man­
made sources, such as artificial fertilizers, manure, and septic-system effluent. All five nutrients 
assessed - nitrate, ammonia, total nitrogen, orthophosphate, and total phosphorus - exceeded 
background concentrations at more than 90 percent of 190 sampled streams draining agricultural and 
urban watersheds. 

Nutrient concentrations in streams are directly related to land usc and associated fertilizer applications 
and human and animal wastes in upstream watersheds. Total nitrogen concentrations were higher in 
agricultural streams than in streams draining urban, mixed land use, or undeveloped areas, with a 
median concentration of about 4 mg/L about 6 times greater than the average concentration of total 
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nitrogen for 89 undeveloped watersheds (0.58 mg/L) sampled across the Nation. Nitrogen 
concentrations in agricultural streams generally were highest in the Northeast, Midwest, and the 
Northwest, which have some of the most intense applications of fertilizer and manure in the Nation. 
Concentrations in parts of the Midwest also are accentuated by artificial subsurface tile drains, which are 
used to promote rapid dewatering of poorly drained soils. Atmospheric deposition accounts for a 
significant portion of the nitrogen in streams in some relatively undeveloped watersheds, such as occur 
in the Northeast. Total nitrogen concentrations were lower in urban streams than in agricultural streams 
with a median concentration of less than 2 mg/L, but still about 3 times greater than background 
concentrations. Some of the highest concentrations in urban streams were downstream of wastewater­
treatment facilities. 

Total phosphorus concentrations were highest in streams in agricultural and urban areas, with a median 
concentration of about 0.25 mg/L- also about 6 times greater than the average concentration of total 
phosphorus for undeveloped watersheds that were sampled (0.034 mg/L). ( Like nitrogen, high 
concentrations of phosphorus in agricultural settings are associated with high applications of fertilizers 
and manure. Urban sources may include treated wastewater effluent and septic-system drainage (in less 
urbanized settings), as well as runoff from residential lawns, golf courses, and construction sites. 

The amounts of nitrogen and phosphorus leaving watersheds in streamflow- referred to as yields 
(expressed as mass per unit area) -rose with increasing nutrient inputs from nonpoint sources to a 
watershed, regardless of land usc. In addition, 5 to 50 percent of the nitrogen input from nonpoint 
sources was exported out of most watersheds. Variability in watershed nutrient yields can be explained 
in part by differences in agricultural practices and in soils, geology, and hydrology. For example, 
agricultural lands with extensive subsurface tile drains are 3 times more likely to export more than 25 
percent of applied nitrogen to streams than agricultural lands with fewer drains. However, less nitrogen 
is contributed to streams in the Southeast because of greater amounts of denitrification in the soil, as 
well as in shallow groundwater that ultimately discharges to streams. Less nitrogen also reaches western 
streams, but for different reasons- generally low amounts of precipitation and runoff, as well as the 
modification of flow systems by irrigation and impoundments. Phosphorus is less soluble and mobile 
than nitrogen and thus, phosphorus yields are lower than nitrogen yields for most streams. 

Groundwater: Nitrate, the primary nutrient of concern in groundwater, exceeded background 
concentrations in 64 percent of shallow monitoring wells (depths of less than I 00 feet below the land 
surface) in agricultural and urban areas. Concentrations of other nutrients in groundwater were not 
significantly greater than background concentrations. Nitrate concentrations in groundwater were 
highest (median of 3.1 mg/L) in shallow wells in agricultural areas that are associated with high 
fertilizer and manure applications. Nitrate concentrations were lowest in shallow wells in urban areas 
(median of 1.4 mg/L), and in deep wells in major aquifers. 

The vulnerability of aquifers to nitrate does not depend solely on nutrient sources, but also on 
groundwater age and geochemical conditions that govern nitrate concentrations in groundv.ater. Nitrate 
concentrations were significantly higher in well-oxygenated (or "oxic") groundwater regardless of land 
use and nitrogen sources. For example, the median nitrate concentration for wells in agricultural areas 
was 5.5 mg/L in oxic water, but was almost undetectable in less oxygenated (or "reduced") water despite 
similar nitrogen inputs at the land surface. Nitrate concentrations are especially influenced by the 
combination of groundwater age and geochemistry; for example, concentrations greater than the U.S. 
Environmental Protection Agency (USEPA) Maximum Contaminant Level (MCL) of 10 mg/L as 
nitrogen were never found in groundwater with low dissolved-oxygen concentrations and recharged 
prior to 1950. 
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Groundwater contributions of nutrients to streams can be significant- particularly for nitrate. At least 
one-third of the total annual load of nitrate in two-thirds of 148 small streams studied across the Nation 
was derived from base flow, consisting mostly of groundwater. Groundwater also can contribute 
significant amounts of dissolved phosphorus to streams, particularly where natural sources of 
phosphorus are present in the aquifer and reduced chemical conditions favor phosphorus transport. 

There are three important implications from this finding. First, for streams in which groundwater 
contributions of nutrients arc substantial, crop management and irrigation practices, designed to reduce 
or slow the movement of overland flow to streams, may have only a limited effect on nutrient loads to 
streams. Second, improvements in water quality as a result of reductions in nutrient inputs on the land 
may not be apparent in streams for decades because of the slow rate of groundwater movement from the 
land surface through the subsurface to streams. Third, full accounting and assessment of groundwater 
contributions of nutrients to surface water is a critical step in developing management strategies to meet 
water quality goals for protection of drinking water supplies and aquatic life. 

Natural processes- including physical, chemical, and biological·- can affect exchanges between 
groundwater and streams. In stream settings containing organic-rich sediments and low dissolved­
oxygen concentrations, bacteria convert dissolved nitrate in groundwater to innocuous nitrogen gas 
through the process of denitrification. These processes are most effective where the geometry of the 
local aquifer focuses most of the groundwater flow through organic-rich sediments. Nutrients can also 
be removed by plants in the riparian zone. 

Some of the implications of these findings include: 

• Nutrient concentrations in streams can be anticipated from information about land use and 
nutrient sources, along with natural features and management practices that affect the timing and 
amount of transport of nutrients over land and through the groundwater system. 

• Hydrologic settings in which groundwater is least vulnerable to contamination are often those in 
which streams may be most vulnerable and vice versa. For example, artificial tile drains and 
ditches often greatly increase the transport of nitrogen from watersheds to streams, but may help 
protect groundwater from contamination. 

Potential for Effects on Human Health 

Streams: Nitrate concentrations in streams seldom exceeded the USEPA MCL of 10 mg/L as nitrogen. 
Nitrate exceeded the MCLin 2 percent of27,555 samples and in I or more samples collected at 10 
percent (50 of 499) of the streams assessed. Most streams with concentrations greater than the MCL 
drained agricultural watersheds and were particularly common in the upper Midwest, where the use of 
fertilizer and manure is relatively high and tile drains are common. Nearly 30 percent of agricultural 
streams had one or more samples with a nitrate concentration greater than the MCL, compared to about 
5 percent of the streams draining urban land. About 12 percent of public supply intakes on streams are 
in watersheds draining agricultural areas. None of the samples from streams draining undeveloped 
watersheds had a concentration greater than the MCL. The implication of this finding is that utilities 
that withdraw water from streams in undeveloped or mixed land use watersheds, which account for more 
than 80 percent of the Nation's public-water supply intakes, are unlikely to encounter water with nitrate 
concentrations greater than the MCL. 

Gro_!!!}~water: Nitrate concentrations greater than the MCL are more prevalent and widespread in 
groundwater than in streams. Eighty-three percent of studies of shallow groundwater in agricultural 
areas found at least one sample with a nitrate concentration greater than the MCL (studies generally 
included 20 to 30 wells). Nationwide, concentrations exceeded the MCLin about 7 percent of2,388 
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domestic wells. The quality and safety of water from domestic wells - which are a source of drinking 
water for about 15 percent of the U.S. population- are not regulated by the Federal Safe Drinking Water 
Act. Elevated concentrations were most common in domestic wells that are shallow (less than I 00 feet 
deep) and located in agricultural areas because of relatively large nitrogen sources, including septic 
systems, fertilizer use, and livestock. Nitrate can persist in groundwater for years and even decades and 
may still be present because of previous land uses and management practices. These findings underscore 
the importance of public education and water-quality testing, particularly for wells associated with 
current or previously farmed land. 

Concentrations exceeding the MCL were less common in public supply wells (about 3 percent of 384 

wells). The lower percentage in public wells compared to domestic wells reflects a combination of 
factors including (I) greater depths and hence age of the groundwater; (2) longer travel times from the 
surface to the well, allowing denitrification and attenuation during transport; and (3) locations of most 

public supply wells near urbanized areas where sources of nitrate generally are less prevalent than in 
agricultural areas. 

Even in relatively protected settings, advance planning is required for long-term protection of deep 
aquifers from nitrate contamination. Groundwater at all depths is part of an integrated flow system and 
can be vulnerable to future contamination as water moves downward from shallower, contaminated 

groundwater systems. The potentia! for future contamination of deep aquifers requires consideration 
because these aquifers commonly are used as sources of public supply and because restoration of the 
purity of this relatively inaccessible and slow-moving water is costly and difficult. 

Effects on Aquatic Life 

USGS findings show the status of streams with respect to region-specific USEPA recommended nutrient 

criteria, the response of aquatic biota to varying nutrient levels, and the status of streams with respect to 

US EPA ammonia toxicity criteria. Recommended nutrient criteria for nitrogen and phosphorus in 
streams and rivers have been established by USEP A for protecting beneficial ecological uses and 
preventing nuisance plant growth for different geographic regions of the country. USGS results show 
that measured concentrations of nitrogen and phosphorus were substantially greater than US EPA 
recommended nutrient criteria in most agricultural and urban streams in most regions across the Nation. 

Specifically, median concentrations of nitrogen and phosphorus measured at 135 agricultural streams 
typically were 2 to more than 10 times higher than recommended nutrient criteria. The frequent 
occurrence of stream nutrient concentrations that are much greater than USEPA recommended nutrient 
criteria, particularly in streams draining watersheds with significant agricultural and urban development, 
suggests that substantial reductions in sources of nutrients, as well as increased implementation of land 
and water management strategies designed to reduce nutrient transport, are needed to meet 
recommended criteria. 

Chlorophyll a, a measure of algal biomass, along with concentrations of nitrogen and phosphorus, is 

used by USEPA, States, Tribes, and Territories to evaluate nutrient enrichment in streams. Findings 
suggest that relations between nutrients and chlorophyll a often are weak because other factors, 
including stream characteristics such as water temperature, flow, and canopy cover, can affect the 
growth of algal biomass regardless of nutrient concentrations. This results in a relatively wide range of 
algal response to nutrients in streams even within the same region. In addition, nutrient concentrations 
in some regions are so much greater than required for plant growth that additional increases in nutrients 
have little effect on plant biomass. The wide range in biological response to nutrient concentrations 
supports the need for a regional approach to nutrient criteria and for consideration of local factors related 
to stream habitat and flow characteristics in the development of these criteria. 
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Stream ecosystem health can be assessed by measuring the number and types of individuals comprising 
algal, macroinvertebrate, and fish communities to determine biological condition. Results show that the 
biological condition of all three communities, expressed as a percentage of the condition expected in 
minimally disturbed streams, declined with increasing concentrations of nitrogen and phosphorus. 
Changes were most pronounced for algal communities, in which the average biological condition in 
streams with elevated nutrients was only about 50 percent, compared to about 80 percent for streams 
with the lowest nutrient concentrations. 

Concentrations of ammonia in streams seldom exceeded the US EPA criteria for protecting aquatic life 
from ammonia toxicity. Specifically, concentrations exceeded the acute criteria in only 33 samples from 
7 streams, out of about 24,000 samples collected from 499 streams. Concentrations exceeded the 
chronic criteria in 139 samples from 22 sites. The acute and chronic criteria were most often exceeded 
in streams that drain watersheds with urban and mixed land uses in the semiarid west. Many of these 
streams also receive treated effluent from wastewater-treatment facilities. Few agricultural sites had 
concentrations greater than acute (I site) or chronic (5 sites) criteria, despite relatively large fertilizer 
and manure sources. More stringent water-quality criteria for ammonia have been proposed by US EPA 
that could provide greater protection for aquatic life. 

Changes in Nutrient Concentrations 

Streams: Despite substantial Federal, State, and local efforts to reduce nonpoint-source nutrient loadings 
to streams and rivers across the Nation, including the Federal Water Quality Initiative from 1990 to 
1995, trend analyses for 1993-2003 suggest limited national progress during this period in reducing the 
impacts of non point sources of nutrients. Instead, nutrient concentrations have remained the same or 
increased in many streams and aquifers across the Nation and continue to pose risks to aquatic life and 
human health. These findings are consistent with relatively stable sources of nutrients since the 1980s, 
including use of fertilizers, applications of manure, and atmospheric deposition of nitrogen. 

Sources of nutrients, however, are only one factor that can cause increases or decreases in 
concentrations. Nutrient concentrations also are influenced by natural variations in precipitation and 
streamflow, as well as by human activities that affect nutrient transport to streams, such as tile drains, 
conservation tillage, and other management practices. To focus on trends caused by humans, the USGS 
trend analysis used "flow-adjusted" nutrient concentrations. Flow adjustment, using long-term records 
of streamflow, removes variability and trends in concentrations likely caused by natural changes in 
streamflow. In streams with statistically significant flow-adjusted trends, upward trends were more 
common than downward trends. Specitically, flow-adjusted concentrations increased at 33 and 21 
percent of sites for phosphorus and nitrogen, respectively, and decreased at 16 percent of sites for both 
nutrients. Increasing nutrient concentrations were most common in relatively pristine streams (those 
with nutrient concentrations less than USEPA's recommended regional nutrient criteria). Nearly 40 and 
30 percent of these less impacted sites showed upward trends in phosphorus and nitrogen, respectively. 

Groundwater: Estimates of groundwater recharge dates the date when infiltrating water reaches the 
water table show that concentrations of nitrate generally have increased since about 1975, consistent 
with trends in historical fertilizer use in the United States. These findings also are consistent with rates 
of groundwater flow, which can take years to decades to move water from the water table to a welL 
Nitrate concentrations were elevated in shallow wells as early as the 1950s and 1960s, whereas 
concentrations in deep aquifers were not elevated until the 1970s. Nitrate concentrations continued to 
increase in groundwater over the period 1988 to 2004. Overall, the proportion of 495 wells with 
concentrations greater than the US EPA MCL of I 0 mg/L increased from 16 to 21 percent from the first 
to the second sampling period. Increases were most common in shallow groundwater beneath 
agricultural areas. Specifically, median nitrate concentrations increased in the agricultural shallow 
groundwater from 4.8 to 5.7 mg/L, whereas in deep groundwater in major aquifers, the median nitrate 
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concentration increased from 1.2 to 1.5 mg/L. We expect that nitrate concentrations are likely to 
increase in aquifers used for drinking-water supplies during the next decade, or longer, as shallow 
groundwater with high concentrations moves downward into the groundwater system. Improvements in 
nutrient management practices on the land surface will likely take years to decades to result in lower 
nutrient concentrations in groundwater because of the slow rate of groundwater flow. Similar time 
delays also are expected for streams that receive considerable groundwater discharge. 

Informing Nutrient Management Decisions 

Water resource managers and policy makers have used hydrologic and chemical models to estimate 
current water-quality conditions for unsampled streams and to predict how conditions might change in 
response to alternative management actions. However, it's often difficult for decision makers to readily 
access model information and usc models directly to evaluate a range of alternative scenarios. To 
address this limitation, the USGS has released an online, interactive decision support system that 
provides easy access to six newly-developed regional models using the SPARROW (SPAtially 
Referenced Regressions On Watershed attributes) modeling framework describing how rivers receive 
and transport nutrients from natural and human sources to sensitive waters, such as the Gulf of Mexico. 
These models were based on monitoring data collected by 73 different organizations from more than 
2700 different stream locations that had sufficient data to calibrate the models. Results detailing nutrient 
conditions in each region are published in the Journal of American Water Resources Association, and 
can be accessed with the decision support system online. 

By making this capability available over the internet in a user interface with familiar controls, modelers 
and water-resource managers alike can experiment with hypothetical scenarios and develop science­
based estimates regarding the effects that specific contaminant sources or changes may have on water 
quality. These estimates can then be easily communicated to stakeholders and the general public via the 
same website. Equally important, the decision-support system provides estimates of model uncertainty 
to inform managers about the range of variability in model predictions of stream loads that can be 
attributed to uncertainties about how well the models describe actual water-quality conditions and the 
factors that influence these conditions. The SPARROW decision-support system can be accessed online 
at water.usgs.gov/nawqalsparrow/dss. 

Thank you, Mr. Chairman, for the opportunity to share USGS research findings on this very important 
topic. I will be happy to answer any questions you or the other Members may have. 
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Environment and Public Works Committee Hearing 

October 4, 2011 

USGS Responses to Follow-up Questions 

Questions from Senator Cardin 

Question 1: Please help us to better understand the scope and scale of the nutrient problem. How much 

work is needed for us to be able to get this problem under control? Is this a situation where, with a few 

minor adjustments, the nation "s waters will become clean within a few years, or will this require more 
effort? 

Response: The natural biogeochemical cycling of nitrogen and phosphorus has been extensively altered 
globally through production and application of fertilizers, cultivation of nitrogen-fixing crops, animal 
waste disposal, wastewater and industrial discharges, and combustion of fossil fuels (for nitrogen see 

Galloway and others, 1995, and Vitousek and others, 1997; tor phosphorus, see Howarth and others. 
2000. and Elser and Bennett, 20 II). In the United States, the use of nitrogen and phosphorus fertilizers 
alone has increased by I O-f old and 4-lold, respectively, between about 1950 and the early I 980s. These 

human alterations have approximately doubled the rate of nitrogen inputs into the terrestrial nitrogen 
cycle and have greatly increased the transfer of nitrogen from rivers to estuaries and other sensitive 
receiving waters. Human activities also have profoundly influenced the cycling of phosphorus through the 
environment, increasing the environmental flow of phosphorus ti.,ur-fold and doubling the rate of 
phosphorus delivery from land to the oceans. 

The impact of the increased flow of nutrients into the environment on streams, groundwater, and coastal 
waters has been profound and widespread. Recent studies by the USGS and US EPA show that excessive 

nutrient enrichment is a widespread cause of ecological degradation in streams and that nitrate 
contamination of groundwater used for drinking water, particularly shallow domestic wells in agricultural 
areas, is a continuing human-health concern. 

USGS data show that most agricultural and urban streams across the Nation have measured 
concentrations of nitrogen and phosphorus 2 to 10 times greater than U.S. Environmental Protection 
Agency (USEPA) recommended nutrient criteria that generally represent nutrient levels that protect 
against the adverse effects of nutrient pollution (Criteria reported in US EPA, 2002; see list of 
references). 

Information provided by the States for the 2004 reporting cycle describing the condition of their 
assessed waters, as required under Section 305(b) of the Clean Water Act, indicates that nutrients 
are one of the leading causes of impairment in the nation's assessed waters. Impaired waters are 
unable to support one or more basic uses, such as fishing or swimming. In 2004, the states cited 
nutrients as a problem in 16% of impaired river miles, 19% of impaired lake acres, and 14% of 
impaired estuarine square miles. (USEPA, 2009) 
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A national assessment of wadeable streams found that about 30% of the nation's streams have high 

concentrations of nitrogen and phosphorus. In fact, of the stressors assessed in the survey, nitrogen 

and phosphorus are the most pervasive in the nation's streams, followed hy excess sedimentation. 

Streams with high levels of these pollutants were f{)und to be about two times more likely to have 

poor biological health USEPA. 2006). 

A survey of the nation's lakes, ponds, and reservoirs found that nearly 20% oflakes show high 

concentrations of nitrogen and phosphorus. Lakes with excess nutrients are 2 Yz times more likely 

to have poor biological health. (US EPA. 2010). 

• The incidence of conditions in estuaries and coastal waters when dissolved-oxygen concentrations 

in water fall below levels necessary for healthy aquatic communities (a condition referred to as 

hypoxia) has increased 30-fold since 1960, affecting more than 300 water bodies. (National Center 

tor Coastal Oceans Science. 20 II). Hypoxic waters typically have dissolved oxygen-concentrations 

less than 2-3 mg/L that may result, in part from excess nutrients, primarily nitrogen and phosphorus, 

Excess nutrients can promote algal growth. As algae die and decompose, oxygen is consumed in 

the process, resulting in low levels of oxygen in the water. Impacted water bodies are located on all 

coasts of the Nation and the Great Lakes, including such critical resources such as the Gulf of 

Mexico, Chesapeake Bay. Puget Sound, and Lake Erie. 

In groundwater, nitrate concentrations exceeded the US EPA drinking-water standard Maximum 

Contaminant Level (MCL) of I 0 milligrams per liter (as nitrogen) in 7 percent of about 2,400 

private wells sampled by the USGS. Wells exceeding the MCL were widely distributed across the 

Nation: Nitrate concentrations exceeded the MCLin samples trom one or more wells in 83 percent 

of studies of shallow groundwater wells in agricultural areas. 

Additional impacts of nutrient enrichment include toxic algal blooms, increased water treatment 

costs, increased concentrations of carcinogenic disinfection byproducts, and decreased recreational 

uses (fishing, swimming, and boating). 

USGS trend analyses suggest that despite major Federal, State and local nonpoint-source nutrient 

control efforts for streams and watersheds across the Nation, limited national progress has been 

made on reducing the impacts of non point sources of nutrients during this period. Instead, 

concentrations have remained the same or increased in many streams and aquifers across the Nation, 

and continue to pose risks to aquatic life and human health. For example, nitrate transport to the 

Gulf of Mexico during the spring is one of the primary determinants of the size of the Gulf hypoxic 

zone. At times of high spring streamflow during the period studied, the concentration of nitrate 

decreased at the study site near where the Mississippi River enters the Gulf of Mexico, indicating 

that some progress has been made in reducing nitrate transport during high flow 

conditions. However, during times of low to moderate spring streamflow, concentrations increased. 

The net effect of these changes is that nitrate transport to the Gulf was about 10% higher in 2008 

than 1980. This increase in nitrate transported to the Gulf can largely be attributed to the large 

upstream nitrate increases in the Mississippi River Basin above the Clinton, Iowa monitoring site 
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and in the Missouri River Basin (Sprague and others, 20 II). There are some exceptions to the 

findings in the Mississippi. For example, recent USGS findings show decreased nutrient 

concentrations in the Susquehanna and Potomac Rivers since 2000; but increasing concentrations in 

the Rappahanock and James Rivers (Hirsch and others, 2010). 

These degraded conditions are the result of a massive increase in the amount of nutrients in the 

environment over more than six decades. Restoring beneficial uses will require effort and time on a 

similar scale. For example. the large amounts ofnitratc already present in shallow groundwater in many 

agricultural areas of the country present one challenge (Puckett and others, 20 II). Nitrate concentrations 

arc likely to increase in aquifers used for drinking-water supplies during the next decade, or longer. as 

shallow groundwater with high concentrations moves downward into the groundwater system. 

Improvements in groundwater quality will likely lag behind changes in land-management practices by 

years or decades because of the slow rates of groundwater flow. Groundwater contributions of nutrients to 

streams can also be important, and thus, improvements in stream quality may also lag behind changes in 

land use practices by long time periods. The recent report on reactive nitrogen in the United States by the 

USEPA Science Advisory Board Integrated Nitrogen Committee recommended four goals of action to 

decrease reactive nitrogen entering the environment that, using existing and emerging technologies and 

practices, could potentially reduce loadings to the environment by about 25 percent within I 0 to 20 years. 

The report also noted that "however, further reductions are undoubtedly needed for many N-sensitive 

ecosystems and to ensure that health-related standards are maintained" (USEPA, 20lla. p. 75-79). 

More specific proposals for nutrient reduction have been developed for coastal receiving waters that have 

been severely degraded. For example, the Chesapeake Bay Program has developed nutrient reduction 

goals that would reduce zones of low oxygen and protect the ecological integrity of the Bay. Through a 

coordinated effort, each of the Chesapeake Bay States with tidal waters established water-quality 

standards for dissolved oxygen, chlorophyll a, and water clarity, all of which are designed to support 

ecological endpoints of living resources in a restored Bay. Water-quality models were then applied with 

equitable and consistent decision rules to determine the level of nutrient reduction needed in the 

watershed to attain the water-quality standards in all of the Bay mainstem segments, tidal tributaries, and 

embayments 
(http://www.epa.gov/reg3wapd/pdf/pdf chesbay!Fina!BayTMDLICBayFinalTMDLSection6 final.pdf). 

Based on that detailed methodology, the overall basin-wide reduction goals for the Chesapeake Bay were 

set at a 25 percent reduction in total nitrogen from 2009 estimated levels, and a 24 percent reduction in 

total phosphorus. For the Mississippi Atchafalaya River Basin, an analysis by the EPA Science Advisory 

Board has estimated that an even larger reduction-a 45 percent reduction in both nitrogen and 

phosphorus-is needed to reduce the size of the hypoxic zone to the established goal of less than 5,000 

square kilometers (USEPA, 2008); the size of the zone in late summer of2011 was 17,520 square 

kilometers. 
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Nutrient management strategies need to be dynamic and capable of responding to unanticipated changes 
that occur to the natural and anthropogenic factors affecting water-quality conditions. The history of the 
water-quality conditions in Lake Erie serves as an example of the types of changes that can occur 
(USEPA, 20llb). In response to massive blooms of blue-green algae in Lake Eric during the 1960s, the 
U.S. and Canada forged the 1972 Great Lakes Water Quality Agreement which led to an approximate 
60% reduction in phosphorus loading to Lake Erie. Lake Erie responded with reduced phosphorus 
concentrations, and no massive algal blooms were reported during the 1980s. Due to the interactions of 
nutrient enrichment and invasive species-Zebra mussels, which arrived in the mid-to late-1980s-large 

algal blooms reappeared by the mid-1990s and persisted through 2006. Moreover, unlike earlier blooms, 
these have been dominated by the blue-green alga Microcystis aeruginosa, which produces the toxin 
microcystin. Although it is believed that some water treatment procedures can be effective in removing 
the toxin, this is of concern to the municipalities along the lakeshore that obtain drinking water from Lake 
Erie. Water-quality monitoring and assessment can help to identify important shifts in water quality 
conditions and provide the understanding needed to guide changes to nutrient management strategies. 

Question 2: During the hearing we heard you speak about some of the source sectors of nutrient 
pollution. Can you give a bit more detail of the various sectors involved, including: agriculture, 
wastewater treatment, air deposition, street runoff and residential/awns? Please provide us with the 
extent to which each source sector contributes to the total problem of nutrient pollution. 

Response: Different sources of nutrients predominate in different regions of the country and are described 
in Dubrovsky and others (2010) (See http://water.usgs.gov/nawqa/nutrients/pubs/circl350/ and Preston 

and others (20 II) (See http://water.usgs.gov/nawqa/sparrow/mrb/ ). 

Agriculture is the largest source of nutrients throughout most of the upper Midwest, as well as in 
other parts of the Nation where agriculture is the predominant land use. Commercial fertilizer and 

other sources of nutrients associated with cultivation (e.g., manure applied as fertilizer, Nitrogen 
fixation' by legumes, mineralization) are the major sources of nitrogen throughout the upper 
Midwest. Manure is the dominant nitrogen source throughout much of the upper Missouri, lower 
Mississippi, and western Gulf of Mexico drainages. Manure is also identified as the major source 
of phosphorus on a much more widespread basis than nitrogen in all of the regions except the 
Pacific Northwest. 

Urban sources-Treated effluent from point sources and urban runoff from developed land tend to 

be locally dominant in major urban areas throughout the Nation. Treated wastewater effluent can 
be the dominant source of nitrogen in some urban streams, particularly during the dry season in 

areas of the semiarid West. 

1 Soybeans and alfalfa are legumes that use atmospheric nitrogen gas as their primary source of nitrogen. These plants are able 
to "fixl' nitrogen gas from the atmosphere to create a fOrm of nitrogen needed for plant growth and reproduction. 
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Atmospheric deposition is the largest non point source of nitrogen in undeveloped watersheds in 
the eastern part of the country where the deposition rates arc highest, such as in the Connecticut 
River Basin, in areas near the Great Lakes, and the arid and mountainous West where human 

development is very sparse. 

The loading at any particular point in a stream is also a function of where the sources in the watershed are 

located. An online, interactive decision support system that was recently released by the USGS provides 
easy access to the six regional models described in Preston and others (20 ll ). 
http://water.usgs.gov/nawga/sparrow/mrb/ and the ability to determine the largest sources of nutrients to 

specific stream reaches. These relatively detailed characterizations of nutrient sources have been 
accomplished despite major deficiencies in available data. Improved accounting and tracking of nutrient 
sources would facilitate development of more efficient and cost effective nutrient management plans. 
Improvements in the data for the following sources would be helpful. 

• Point Sources: Data from USEPA's Permit Compliance System (PCS) national database was used 
to estimate annual loads of nitrogen and phosphorus discharged to streams from individual 
municipal and industrial facilities. Concentration and effluent flow data were examined for more 
than 118,000 facilities in 45 states and the District of Columbia. Inconsistent and incomplete 
discharge locations, effluent flows, and effluent nutrient concentrations limited the use of these data 

for calculating nutrient loads. Reporting from facilities discharging more than I million gallons per 
day was more complete than for smaller facilities. Annual loads were calculated using "typical 
pollutant concentrations" to supplement missing concentrations based on the type and size of 
facilities. Annual nutrient loads for about 22 percent of the facilities were calculated in this manner 
for at least one of the three years studied (Maupin and lvahnenko, 2011), More work is needed in 
this area. 

• Fertilizer use: Annual fertilizer sales data are compiled by the Association of American Plant and 
Food Control Officials (AAPFCO) (Gaither and Terry, 2004) from annual State reports. Because 

of the absence of national reporting requirements, there are inconsistencies in the level of detail 
provided. This is especially true for non-agricultural sales estimates, as the reporting of the code 
distinguishing farm and non-farm use is optional (Ruddy, 2006). Because the AAPFCO data report 
the point of fertilizer sales and not the point of use, it is critical that the U.S. Department of 
Agriculture (USDA) continues to collect fertilizer expenditures data-which reflects the point of 
use--as part of the Census of Agriculture (U.S. Department of Agriculture, 2006). 

Concentrated Animal Feeding Operations (C'AFOs): Information on the number of animals (used 

to estimate loadings of animal manure) is available by county from the Census of Agriculture. But, 
this scale is generally too coarse to be able to associate estimates of manure loadings to specific 
watersheds and downstream monitoring. If the loadings are attributed to the wrong streams or 
spread out over a large area such as a county, then their influence may not be captured accurately or 

at all using water-quality models. 
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Question 3: Which regions, according to the United States Geological Survey's data and information, 
have the highest nutrient pollution levels? Why? 

Response: Concentrations of nutrients occur at elevated levels in developed landscapes in all regions of 
the country. More specific characterizations of which regions have the highest nutrient pollution levels 
can be made by breaking the question down into three specific perspectives: with respect to drinking 
water standards; with respect to ambient water quality criteria for streams; and for ecological condition of 

receiving waters (lakes and estuaries). 

Which regions have the highest nutrient pollution levels with respect to drinking water? Most streams 

with concentrations greater than the drinking water standard for nitrate, or Maximum Contaminant Level 
(MCL) are located in the upper Midwest (Dubrovsky and others, 2010). These streams had high 
concentrations of nitrate because they drain agricultural watersheds where fertilizer and (or) manure 
application rates are among the highest in the Nation. The elevated concentrations also reflect landscape 

characteristics and land-management practices that promote rapid transport of run otT from fields to 
streams, including relatively impermeable soils and artificial drainage. such as subsurface tile drains. 
Nitrate concentrations greater than the MCL are uncommon in streams draining watersheds dominated by 
other land uses, and nonexistent in samples from streams draining undeveloped watersheds. (See question 
6 for additional detail.) 

In contrast to streams, groundwater with concentrations exceeding the MCL were widely distributed 
across the Nation: 83 percent of studies of shallow groundwater in agricultural areas had one or more 
samples (of20 to 30 wells sampled) with a nitrate concentration greater than the MCL. Nitrate 
concentrations greater than the MCL are most common in areas with favorable geochemical conditions 

(that is. groundwater with dissolved oxygen; see McMahon and others, 2009), with young groundwater 
(recharged after I 952), and with larger inputs of nitrogen to the land surface. 

Which regions have the highest nutrient pollution levels with respect to ambient water quality criteria for 

streams? USGS data show that exceedance of recommended nutrient criteria that generally represent 
nutrient levels that protect against the adverse efTects of nutrient pollution (USEPA, 2002) is widespread 
in developed landscapes. In fact, as noted in question 1 above, agricultural and urban streams across the 
Nation have measured concentrations of nitrogen and phosphorus 2 to 10 times greater than these 
recommended criteria (sec chapter 7. Dubrovsky and others, 2010). These data indicate that both 
agricultural and urban sources are routinely capable of producing elevated instream concentrations. 

Which regions have the highest nutrient pollution levels with respect to the ecological condition of 
receiving waters? Excessive loading of nutrients has degraded the ecological condition of lakes and 
estuaries throughout the country. Degradation of these waters has been documented in reports by States to 
the USEPA (USEPA, 2009) and the National Oceanic and Atmospheric Administration (NOAA). For 

example, NOAA reported that "The majority of U.S. estuaries assessed displayed at least one symptom of 
eutrophication, suggesting a large-scale, national problem" (Bricker and others, 2007). They further 
reported that estuaries with highly eutrophic conditions were most common in the Mid-Atlantic region, 
and occurred in all regions of the nation except the North Atlantic. 
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Although the scope of the USGS National Water Quality Assessment Program does not include coastal 

waters, USGS monitoring of the mass of nutrients transported by major rivers to coastal waters provides 

the critical data that link the condition of these resources to upstream sources of nutrients. Note that unlike 

the metrics for assessment of drinking water quality and ecological impact which are based on 

concentration (mass per unit volume, such as milligrams per liter), controlling excess nutrient levels in 

coastal waters is also a function of the mass of nitrogen and phosphorus delivered per unit time, expressed 

as "load" (with units such as tons per year). Monitoring of loads at upstream sites can also be converted 

into yields (mass per unit area, calculated as mass transported by a river divided by the drainage area of 

the river basin) to identifY areas that contribute the largest amount of nutrient per unit area of watershed. 

For example, application of the SPARROW model to watersheds draining to the Great Lakes determined 

that the highest loads were from tributaries with the largest watersheds, whereas highest yields were 

from areas with intense agriculture and large point sources of nutrients (Robertson and Saad, 20 ll ). These 

calculations facilitate the ranking of tributaries for prioritization of remediation efforts based on their 

relative loads and yields to each lake. 

The National Lakes Survey showed that lakes within the northern, temperate, and coastal plains of the 

United States had the highest concentrations of nutrients as compared to other regions of the United 

States. The temperate plains showed 60% and 70% of lakes exceeded regionally specific reference based 

thresholds for phosphorus and nitrogen, respectively. The coastal plains showed 50% and 45% of lakes 

exceeded regionally specific reference based thresholds tor phosphorus and nitrogen, respectively. 

Finally, the northern plains showed 70% and 90% of lakes exceeded regionally specific reference based 

thresholds for phosphorus and nitrogen, respectively. This high level of nutrients in the northern plains is 

also coupled with the highest taxa loss for any region of the nation, with regard to lakes, with 

phytoplankton communities showing greater than 40% taxa loss in greater than 90% of the lakes in this 

region (USEPA, 20 I 0). 

Question 4: Nutrient pollution can cause algal bloom growth, leading to "dead zones, "or areas where 

no plant or animal life can survive. How do algal blooms create "dead zone"? What do these dead zones 

mean for water bodies like the Chesapeake Bay? What are some of the ecological harms associated with 

these dead zones? What are some oft he economic harms associated with dead zones? 

Response: The term "dead zone" is often used to describe areas that are hypoxic, or contain low 

concentrations of dissolved oxygen (generally 2 to 3 milligrams per liter). Hypoxia can be caused by 

saline and temperature gradients and excessive nutrients. Hypoxia in the northern Gulf of Mexico is 

caused by excess nutrients delivered from the Mississippi River in combination with seasonal 

stratification of Gulf waters. Excess nutrients promote algal growth. When the algae die, they sink to the 

bottom and decompose, consuming available oxygen. Stratification of fresh and saline waters prevents 

mixing of oxygen-rich surface water with oxygen-depleted bottom water. Immobile species such as 

oysters and mussels are particularly vulnerable to hypoxia and become physiologically stressed and die if 

exposure is prolonged or severe. Fish and other mobile species can avoid hypoxic areas, but these areas 

still impose ecological and economic costs, such as reduced growth in commercially harvested species 
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and loss of biodiversity, habitat, and biomass (Committee on Environment and Natural Resources, 20 I 0). 

Fish kills can result from hypoxia, especially when the concentration of dissolved oxygen drops rapidly. 

The effect of hypoxia is to decrease productivity and resilience of exploited populations, making them 
more vulnerable to collapse in the face of heavy fishing pressure. 
The ecological impacts of hypoxia may be described in terms of the ecosystem services normally 
provided by a healthy ecosystem, but lost as a result of hypoxia. A full assessment of ecosystem services 
lost helps bridge the gap between ecological functions lost and their impact on people. In some cases, 
though not without challenges, ecosystem services can be assigned a reasonable dollar value. In these 
cases, analysis of services helps convey the economic costs associated with ecological impacts. 

Fisheries yield is one ecosystem service that can be impacted both directly and indirectly by hypoxia. 
Mortality of fisheries species is a direct mechanism by which services are lost. Loss of forage for bottom­
feeding fish and shellfish due to hypoxia is probably more important in most cases. In the Chesapeake 
Bay, seasonal hypoxia lasts about three months and reduces the Bay's total benthic secondary production' 

by about 5% (Diaz and Schaffucr, 1990), or roughly 75,000 metric tons of biomass (Diaz and Rosenberg, 
2008). This is enough to feed about half the annual blue crab catch for a year. In the northern Gulf of 
Mexico, severe seasonal hypoxia can last up to six months and reduces benthic biomass by about 212,000 
metric tons when the hypoxic zone is 20,000 km2 (Rabalais and Turner, 200 I). This lost biomass could 

feed about 75% of the brown shrimp catch for a season (Diaz and Rosenberg, 2008 

One of the less obvious ecosystem services lost during hypoxia is sediment mixing by benthic organisms, 

or 'bioturbation.' Reworking of sediments via bioturbation promotes oxygenation of sediments, 
improving habitat for benthic animals and promoting biogeochemical feedback processes that reduce 
nutrient recycling and limit eutrophication. There are a growing number of literature citations on the 
ecological consequences of hypoxia, but economic evaluations are lacking. Economic effects attributable 
to hypoxia are subtle and difficult to quantity even when mass mortality events occur. Much of the 
problem is related 
to multiple stressors (habitat degradation, overfishing, Harmful Algal Blooms, and pollution) acting on 
targeted commercial populations as well as factors that impact fishery' economics (aquaculture, imports, 
economic costs of fishing, and fisheries regulations). Economic impacts that stem from the effects of 
hypoxia on fishery stocks arc mostly tied to ecological 
impacts through reduced growth and reproduction. Other economic costs imposed on fishers are related to 
increased time on fishing grounds and costs of to reach more distant fishing grounds beyond areas 
impacted by hypoxia. How these costs translate to impact on profits is complex, however, because in 
addition to the ramifications of reduced quantity, the unit value of landings on the market affects its total 

value and must be considered when evaluating the economic impacts. 

2Sccondary production refers to the mass of organisms near the base of the food web that arc produced in a season or year in a 
given area. Benthic refers to organisms that live on or ncar the bottom of rivers, lakes, and oceans. Benthic secondary 

production is usually expressed as grams of carbon per square meter or per square kilometer (km 2
). 
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Although quantifying costs of hypoxia-related mortality events is difficult, there are some published 
examples. Hypoxia in the early 1970s in Mobile Bay, Alabama was estimated to have killed over 
$500,000 worth of oysters (May, 1973). An even greater economic cost was associated with the declining 
stock size associated with mortality and poor recruitment of oysters in years with severe hypoxia. A 
modeling study in the Patuxent River in Maryland estimated that the net value of striped bass fishing 
alone would decrease over the long-term by over $145 million if the entire Chesapeake Bay were 
impacted by hypoxia, which would preclude fishing in other sites (Lipton and Hicks, 2003). Impacts of 
hypoxia on the overall health of the striped bass population and impacts to other Chesapeake fisheries 
were not included in this estimate but would substantially increase the overall economic consequences to 
fishers in the region. 

Question 5: Based on your data, nutrient levels in groundwater are contributing substantially to the 
problems of nutrient pollution that we see today. 

a. Are there different approaches to reducing nutrient levels in groundwater vs. in surface water? 

Response: 
Approaches used to reduce nutrient levels from nonpoint sources in groundwater and surface water 
usually involve manipulating the amount, timing, form, and method of application of fertilizer and other 
sources of the nutrients. However, Ribaudo and others (2011) concluded that: "Reducing the application 
of nitrogen fertilizers appears to be the most effective Best Management Practice (BMPs) for reducing 
the emission of nitrogen into the environment" because most of the BMPs used to minimize nutrient 
transport to streams via surface runoff(dissolved transport) and erosion (particulate transport) increase the 
amount of time that water from precipitation or irrigation remains on the agricultural fields. The longer 
the water remains on the field the greater the potential for infiltration and the potential for transport of 
dissolved nitrogen to groundwater. (Note that phosphorus is usually not transported to groundwater 
because of its low solubility and tendency to bind to soils and aquifer materials.) Methods that minimize 
the exposure of nitrogen to runoff by incorporating the fertilizer into the soil also increase the transport of 
dissolved nitrogen to groundwater. 

b. What do these differences mean for our attempts to reduce nutrient pollution in our waters? 

These differences mean that the benefits of using BMPs to protect streams by retarding runoff must be 
carefully weighed against the potential for these practices to increase groundwater contamination. A 
recent summary on the topic by the USDA Economic Research Service concludes that: "in areas where 
leaching to drinking water sources is a concern, improvements in nitrogen use efficiency could focus on 
application rate reductions or improvements in timing" (Ribaudo and others, 2011). 

In areas where management measures promote transport of nitrogen from runoff to groundwater, we trade 
a near-term improvement in stream quality for the potential long-term degradation of groundwater, along 
with the prospect that the high-nitrogen groundwater may eventually discharge to a stream in the future. 
In some riparian zones next to streams, where groundwater moves through organic rich soils, nitrate can 
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be transformed by microorganisms to harmless nitrogen gas, a scenario in which the threat to both streams 
and groundwater resources is ameliorated. 

Question 6: What impact does nutrient pollution have on human health> 

Response: Elevated concentrations of nutrients, particularly nitrate, in drinking water may have both 
direct and indirect effects on human health. The most direct effect of ingestion of high levels of nitrate is 
methemoglobinemia, a disorder in which the oxygen-carrying capacity of the blood is compromised; the 
US EPA Maximum Contaminant Level (MCL) of 10 mg/L for nitrate in drinking water was adopted to 
protect people, mainly infants, against this problem. High nitrate concentrations in drinking water also 
have been implicated in other human health problems, including specific cancers and reproductive 
problems (Ward and others, 2005), but more research is needed to corroborate these associations. The 
indirect effects of nutrient enrichment of surface waters on human health are many and complex, 
including algal blooms that release toxins and the enhancement of populations of disease-transmitting 
insects, such as mosquitoes (Townsend and others, 2003). 

Nitrate concentrations in streams across the nation seldom exceeded the US EPA MCL of 10 mg/L as 
nitrogen-nitrate exceeded the MCLin two percent of27,555 samples, and in 1 or more samples from 50 
of 499 streams (Dubrovsky and others, 20 I 0). Nitrate concentrations greater than the MCL are more 
prevalent and widespread in groundwater than in streams. Concentrations exceeded the MCL in seven 
percent of about 2,400 private wells sampled by the USGS. Contamination by nitrate was particularly 
severe in shallow private wells in agricultural areas, with more than 20 percent of these wells exceeding 
the MCL. The quality and safety of water from private wells-which are a source of drinking water for 
about 15 percent of the U.S. population-are not regulated by the Federal Safe Drinking Water Act. 

Concentrations exceeding the MCL were less common in public-supply wells (about three percent of384 
wells) than in private wells. The lower percentage in public wells reflects a combination of factors, 
including: (I) greater depths and hence age of the groundwater; (2) longer travel times from the surface to 
the well, allowing denitrification and (or) attenuation during transport; and, (3) locations of most public 
wells near urbanized areas where sources of nitrate generally are less prevalent than in agricultural areas. 

Nitrate concentrations are likely to increase, in deep aquifers typically used for drinking-water supplies 
during the next decade, despite nutrient reduction strategies, as shallow groundwater with high nitrate 
concentrations moves downward to deeper aquifers. USGS findings show that the percentage of sampled 
wells with nitrate concentrations greater than the USEPA drinking water standard increased from 16 to 21 
percent since the early 1990's. Similarly, the probability of nitrate concentrations exceeding the MCL has 
increased from <I% in the 1940's to >50% by 2000 tor young groundwater in agricultural settings 

(Puckett and others, 20 II). 
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Nitrate can persist in groundwater for years or decades and may continue to occur at concentrations of 
concern to human health because of previous land management practices. Because of the slow movement 
of groundwater, there is a lag time between what happens on the land surface and chemical changes in 
water that reaches a deep well. This means that improvements in water quality that might result from 
reducing nutrient sources on the surface may not be apparent in some watersheds for years or even 

decades. 

Question 7: Do you think a nutrient-trading program would be an effective way to manage and reduce 

nutrient pollution? Why or why not? 

Response: Nutrient trading is now widely expected to increase the cost-effectiveness and efficiency of 
aquatic nutrient control. Nutrient trading programs are operating in watersheds in 15 States and three 
other countries, and arc under development in many additional jurisdictions (Selman and others, 2009). It 
is estimated, for example, that nitrogen trading among publicly owned treatment works in Connecticut 
will ultimately save over $200 million dollars in achieving the nitrogen reductions required under a Long 
Island Sound TMDL (USEP A. 2003). Preliminary findings from USGS research and use of USGS 
models show that total national savings of several billion dollars per year would result from expanding 
trading markets to regional scales, including full participation of both point and nonpoint sources, and 
optimizing both the location of nitrogen controls and the control technologies employed (Smith and 
others, 2008). 

Questions from Senator Inhofe 

Question 8: At the hearing you discussed that contributions of groundwater must be taken into account 
for 1MDLs for swface waters. A Franklin & Marshall University study on the Chesapeake Bay watershed 

and a study by Agricultural Research Service hydrologist 
Glenn Wilson on the Mississippi River watershed both indicate that a large amount of the 

sediment that reaches the Chesapeake Bay or the Northern Gulf of Mexico is from stream 
bank erosion, and is not.from the surrounding land. How can these contributions be better 
taken into account when developing TMDLs? 

Response: 

Accounting for groundwater contributions when developing nutrient TMDLs for streams: Standard 
methods exist to estimate the percentage of streamflow that is from groundwater, and to estimate the 
percentage of nutrient loads that come from groundwater discharge. Bachman and others ( 1998) and 
Spahr and others (2010), provide examples of how this has been done at the regional (Chesapeake Bay 
area) and national levels, respectively. Both studies used streamflow records to estimate the proportion of 
annual flow that is from groundwater discharge, and then used water-quality measurements and 
streamflow records together to estimate the proportion of the annual load of selected nutrients that is 
carried to the stream by groundwater discharge. 
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The graphical methods used by Spahr and others (20 I 0) and Bachman and others (1998) could be used to 
better understand the role of groundwater discharge to streams in other areas. It is commonly recognized 
that the graphical methods generally underestimate the amount of groundwater discharge during storm 
events (Sklash and Farvolden, 1979), but the method continues to be used because the method: 1) only 
requires a streamflow record (which is available for most gaged streams across the United States), and 2) 
provides an initial estimate that can be used to understand the general patterns of groundwater discharge. 

Progress towards reaching a TMDL may be difficult in watersheds where a large percentage of the 
nutrient load is from groundwater discharge. The difficulty arises in understanding the lag time between 
when water and nutrients enter an aquifer, and when they subsequently discharge to streams. Models can 
be used to help predict groundwater residence times (Sanford and Pope, 2007). Such models can estimate 
mean lag times for watersheds, and predict future changes in stream loads given future changes in 
nitrogen loadings to the land surface. Measurements of chemicals known as age-dating tracers in shallow 
groundwater, and in some cases streams, can help estimate groundwater lag times. At the watershed scale, 
even the initial water-quality improvement in surface water bodies may not be seen for years, and even if 
management practices were implemented basin-wide, the full response may not be seen for decades. 
However, practices are rarely implemented across an entire basin simultaneously, thus making it even 
more difficult to observe responses in surface water bodies. In addition, the larger the watershed, the 
longer the length oftime before changes in water quality due to groundwater discharge will occur. 

Thus, we can determine the magnitude of the nutrient load contributed by groundwater to a stream and the 
practices that are available to manage those loads. However, monitoring the response to those changes 
may require novel approaches such as monitoring of shallow groundwater near streams, because it may 
take years before changes in water quality can be observed in the stream itself. 

Accounting fOr streambank erosion in the development of sediment TMDLs: The relative importance of 
stream bank erosion to instream sediment loads is increasingly recognized within and outside of the 

United States (Trimble, 1997; Walling and others, 1999; Simon and Rinaldi, 2006; Gellis and others, 
2009), indicating that accurate accounting of streambank erosion is necessary to adequately manage 
stream and river sediment loads. While there arc no widely accepted models that predict rates of bank 
erosion across a wide range of environments (De Rose and Basher, 20 II), advances in geographic 
information systems, surveying techniques, modeling, and computing power continue to improve the tools 
that enable scientists and water-quality managers to characterize streambank erosion processes. 

USGS has developed statistical models (SPARROW) that use existing streamflow, sediment, and spatial 
data to characterize factors influencing suspended-sediment loads at regional and national scales 
(Schwarz, 2008; Brakebill and others, 201 0). These models account for erosion and/or deposition of 
sediment from different land uses and in stream channels, and can be accessed and manipulated (in the 
case of Schwarz, 2008) through a new decision support system (http://cida.usgs.gov/sparrow/) that 
provides the user with the ability to characterize the relative importance of various sediment sources at 
user-defined locations on a mean-annual basis. These models conclude that stream banks represent a 
significant source of sediment loads. While these sediment models have the potential to quickly inform 
managers of the relative importance of various sediment sources (as well as the certainty with which those 
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sources can be ascribed), the accuracy and timeliness of these models for the future is likely to be limited 
by the decline in sediment monitoring that has occurred over the last two decades (Gray, 2002). 

Existing spatial datascts have also been used to characterize the relative importance of stream bank erosion 
to downstream water bodies. These datasets include historical and current aerial photography (Lawler, 
1993; Trimble, 2008) and Light Detection And Ranging (LIDAR) techniques which provide accurate, 
spatially-detailed elevation datasets (Thoma and others, 2005; Newell and Clark, 2008). The USGS 
Earth Resources Observation and Science (EROS) center works to archive and serve these and other 
sources of data for scientists and managers (http://eros.usgs.gov). 

While the analysis of existing sediment and spatial data can provide information on long-term, average 
sediment contributions from stream banks, understanding the mechanisms and causes of stream bank 
erosion requires more intensive data collection and/or modeling efforts. Wilson and his colleagues, 
whose work is referenced in the question, have published on various processes that affect streambank 
failure http://www.ars.usda.gov/is/AR/201 l/febl 1/streambanks02J l.htm, and have incorporated their 
findings into the Bank Stability and Toe Erosion model. While the science is far from settled, it is clear 
that stream bank erosion is an important process; and that the type of process research that Wilson and 
others are doing is an important/critical complement to instream and field monitoring efforts that are 
necessary to help refine and improve watershed models such as SPARROW. New surveying techniques, 
such as aerial (Kinzel and others, 2006; McKean and Isaak, 2009) and terrestrial LIDAR (Collins and 
Kayen, 2006) can provide more temporally-dense, site-specific estimates of stream bank erosion. 
Compilation of sediment budgets through surveys and through the collection of physical and geochemical 
sediment tracers have allowed researchers to quantify the relative importance of various sediment sources 
(Walling, 2005; Gellis and Walling, 2011). In addition, the USDA has developed models that simulate 
bank erosion processes using available and newly collected data (Langendoen and others, 200 I; Simon 
and others, 201 J ). 

Question 9: Some areas of the country have extensively modified streams and rivers, which were 
channelized into concrete lined flood control channels 

Should nutrients in concrete linedflood control channels be regulated the same as natural streams? 

Response: 
States have some degree of flexibility under the Clean Water Act regarding how they apply Clean Water 
Act standards to a specific waterbody. Concrete-lined flood control channels may or may not meet the 
statutory and regulatory definition of"watcrs of the United States" and therefore may or may not be 
subject to the provisions of the Clean Water Act. 

If a specific waterbody such as a heavily modified stream is jurisdictional under the Clean Water Act, 
States have some flexibility under the Clean Water Act in how they apply water quality standards to that 
waterbody. For example, states may be able to tailor the specific designated uses of a particular 

waterbody to its characteristics. Where a State determines that achieving a designated use that provides 
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for the protection and propagation offish, shellfish, and wildlife or recreation in and on the water (e.g., a 
Clean Water Act section IOI(a)(2) aquatic life or recreation use) is not attainable, States may change the 
designated use of a water by conducting an assessment of what uses are attainable. If a State analysis 
supports a change in the designated use, States may change the designated use in their Water Quality 
Standards regulations. A change in designated use can often result in a change to the water quality 
criteria that must be met. See (lilli?J/water.epa.gov/scitech/swguidancc/standards/uses/uaa/index.ctin) 

How should nulrient criteria fiJr these altered habitats (warmer water temperature, no reproducing 

populations offish and poor general habitat) be different than the criteriafi>r more natural slreams? 

Response: Under the CW A, States must adopt water quality criteria to protect the designated uses that 
have been previously set by the State. If the State determines that the designated use for an altered habitat 
is not achievable, then the State can conduct a use attainment analysis. EPA's Web site contains 
information on water quality standards and use attainment analysis that may apply to the situation in the 
preceding question. Many of our waters do not meet the aquatic life or recreation water quality goals 
envisioned by Section 101 (a)(2) of the Clean Water Act. In some cases, it will not be possible to reach 
this water quality goal and States have the ability to demonstrate through analysis that the Clean Water 
Act section l Ol(a)(2) aquatic life or recreation use goal is not attainable for a particular water and to 
establish a different designated use in their WQS regulations based on this analysis. See 
(http://water.epa.gov/scitech/swguidance/standards/uses/uaa/index.cfm) 
EPA's regulations require that States must also ensure attainment of standards in downstream waters. 
This is important as modified streams may carry nutrients to downstream waters. States can establish 
numeric water-quality criteria based on EPA's recommended Section 304(a) criteria guidance, 
modifications of the guidance recommendations reflecting site-specific conditions, or criteria based on 
other scientifically defensible methods. 

Question 10: Does USGS have suggestions for measuring the success of nutrient management programs, 
given they may not achieve their goals for years or decades? 

Response: USGS recommends four actions that will enable long-term evaluation of the success of 
nutrient management programs locally and nationally: 

I) Restore and enhance multi-scale, long-term monitoring of nutrients in the Nation's surface water and 
groundwater resources. 

2) Improve existing water-quality models for extrapolation of nutrient occurrence in space and time. 

3) Establish a network oftargeted watershed studies that track nutrients from source areas to receiving 

waters and groundwater discharge locations across a representative range of nutrient management 

programs. 
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4) Improve the detail and reliability of information on sources of nutrients, and establish requirements that 

all nutrient management programs document the type, location, and extent of practices implemented in 

each watershed or aquifer, 

The first three actions are largely included as part of recommended plans for the next 10 years of the 

National Water Quality Assessment Program. Accomplishing these tasks would require substantial 

rebuilding and enhancements of current monitoring and assessment activities to address these critical 

public issues. The National Research Council (2011) has reviewed the plans and supports the 

recommendations. However, at present, agency resources are insufficient to fully address these needs. 

The fourth action is a critical information requirement; but should be addressed by those agencies 

responsible for nutrient management programs. 

It is worth recognizing that existing USGS efforts can complement the significant work underway by 

the EPA and States under the Clean Water Act. For example, the EPA/State National Aquatic 

Resource Surveys are effectively using limited resources to survey nutrients and other core parameters 

and report on changes at the national and regional scale of the condition of the nation's surface waters, 

including rivers, streams, lakes, reservoirs, and coastal waters. States allocate some of the Nonpoint 

Source Program grants under Section 319 of the Clean Water Act to monitoring the localized 

effectiveness of best management practices, including those aimed at reducing nonpoint source nutrient 

loads. 
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Senator CARDIN. Thank you very much for your testimony. 
Ms. Stoner. 

STATEMENT OF NANCY STONER, ACTING ASSISTANT ADMINIS-
TRATOR FOR WATER, U.S. ENVIRONMENTAL PROTECTION 
AGENCY 

Ms. STONER. Good afternoon, Chairman Cardin, Ranking Mem-
ber Sessions and members of the Committee and Subcommittee. 

I am Nancy Stoner, Acting Assistant Administrator for Water at 
USEPA. I am pleased to be here this afternoon alongside Chief 
White of NRCS and Associate Director Werkheiser of USGS to dis-
cuss the agency’s efforts to protect public health and the environ-
ment in the context of nutrient pollution, one of the Nation’s most 
pervasive water quality problems. 

Nutrient pollution has become one of the most widespread, costly 
and serious water pollution challenges being faced by communities 
across the Country. Nutrients such as nitrogen and phosphorus 
pollute the waterways in which our families fish and swim, con-
taminate our drinking water supplies and cause illness and choke 
the economic health of businesses across the Nation that rely on 
clean and safe water. 

Abundant sources of clean and safe water are vital for healthy 
communities, ecosystems and businesses in America. Clean water 
is not simply a resource and asset to be passed along to our chil-
dren. It is an essential part of everyday life. Clean water is an es-
sential component of public health, our drinking water supplies 
and the welfare of our families and communities, whether in large 
cities, small towns or rural America. 

The economic health and growth of businesses large and small, 
and the jobs they create, rely upon a high quality and reliable 
source of clean water. The range of businesses that depend on our 
water resources include tourism, farming, fishing, beverage produc-
tion, manufacturing, transportation and energy generation, just to 
mention a few. 

Nutrient pollution contributes to significant impacts to our Na-
tion’s economy and the health of our communities. Let me provide 
a few examples. In Oregon, the State’s health authority reports 
that 18 lakes and reservoirs were affected by harmful algal blooms 
caused by high nutrient levels, leading to nine closures in 2011. 
Additional closures remain in effect today. 

The Kansas Department of Health and the Environment has 
issued public health advisories for four lakes, warning residents 
that the water is unsafe for human or animal consumption and 
contact due to harmful algal blooms. Eight additional Kansas lakes 
have public health warnings that advise no contact with the water. 

Algal bloom toxins have been found in the Kansas River, a major 
drinking water source for nearly 60,000 residents in eastern Kan-
sas. In Oklahoma, blue green algal blooms that started to develop 
before the Fourth of July continue to affect seven lakes in the State 
and beaches at four lakes remain closed. 

In Ohio, Grand Lake St. Mary’s has received national attention 
for massive algal blooms that have led to the deaths of fish, birds, 
dogs and illnesses in at least seven people. These algal blooms and 
toxins have resulted in economic losses due to beach closures and 
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lower tourism revenue, and have threatened drinking water sup-
plies and public health. 

In addition to the toxins associated with algal blooms, nutrient 
pollution itself can also pose a risk to the water we drink. High lev-
els of nitrate in drinking water have been linked to serious illness 
in infants and other human health effects. Reported drinking water 
violations for nitrates have doubled nationwide in the last decade 
and some public water systems have had to install costly treatment 
systems to reduce nitrate levels. 

Recognizing the need for a more coordinated effort to reduce nu-
trient pollution, the EPA has renewed its commitment to work with 
other Federal agencies, States and other stakeholders to achieve 
progress. EPA believes that States are best suited to take the lead 
in addressing nutrient pollution, and we work closely with our 
State and local partners to ad their efforts. 

In March, I sent a memorandum to our regional offices, making 
it clear that reducing nitrogen and phosphorus pollution is best ad-
dressed by States relying on a range of regulatory and non-regu-
latory tools, including proven conservation practices. We also ap-
preciate the significant leadership demonstrated by USDA and 
USGS on this important issue. 

The EPA works closely with USDA, USGS and States to monitor 
the extent and impact of nutrient pollution and implement nutrient 
reduction projects on the ground. In addition, to complement the ef-
forts of USDA and other partners, we are focusing on broader ef-
forts to use funding under Section 319 of the Clean Water Act for 
watershed planning and stakeholder involvement. 

Working closely with USDA, we are engaging creatively in work 
with communities to achieve improvements in water quality. We 
are also partnering with USDA, the Department of Interior, and 
Chesapeake Bay States to implement the landmark Chesapeake 
Bay total maximum daily load, which is a pollution diet for nutri-
ents in the Bay. 

In conclusion, Mr. Chairman, the threat posed by nutrients in 
our Nation’s waters is one of the most serious water pollution prob-
lems faced by our communities nationwide. We at the EPA are 
committed to working with States, other Federal agencies, farmers, 
business, communities and other stakeholders to identify ways to 
tackle the nutrient pollution problem in a way that protects our 
Nation’s waters, sustains our economy and safeguards the health 
and well-being of all Americans who depend upon clean and safe 
water. We look forward to working with the Subcommittee as these 
efforts proceed. 

Thank you for the opportunity to testify before you today. I look 
forward to answering any questions you may have. 

[The prepared statement of Ms. Stoner follows:] 

VerDate Aug 31 2005 09:17 Jun 02, 2017 Jkt 000000 PO 00000 Frm 00051 Fmt 6633 Sfmt 6633 S:\_EPW\DOCS\24963.TXT VERNE



46 

VerDate Aug 31 2005 09:17 Jun 02, 2017 Jkt 000000 PO 00000 Frm 00052 Fmt 6633 Sfmt 6633 S:\_EPW\DOCS\24963.TXT VERNE 24
96

3.
03

1

TESTIMONY OF 

NANCY K. STONER 
ACTING ASSISTANT ADMINISTRATOR FOR WATER 

U.S. ENVIRONMENTAL PROTECTION AGENCY 

BEFORE THE 
SUBCOMMITTEE ON WATER AND WILDLIFE 

COMMITTEE ON ENVIRONMENT AND PUBLIC WORKS 
UNITED STATES SENATE 

October 4, 2011 

Good morning Chairman Cardin, Ranking Member Sessions, and Members of the 

Subcommittee. I am pleased to appear before you today to discuss the EPA's mission to protect 

public health and the environment in the context of the water quality challenges from what is 

known as "nutrient pollution." This pollution, which comes from high levels of nitrogen and 

phosphorus, threatens the quality of the Nation's waters and the prosperity of communities 

across the country. This urgent problem requires effective collaboration at the federal, state, and 

local levels to address the growing environmental and public health risk and its economic 

impacts. 

I am pleased that Chief White of the Natural Resources Conservation Service (NRCS) and 

Associate Director Werkheiser of the U.S. Geological Survey (USGS) are also testifying with me 

today. NRCS and USGS deliver important programs and scientific expertise that play critical 

roles in protecting the quality of our waters and addressing nutrient pollution. 

My objective today is to provide the Subcommittee with our understanding of the problem of 

nutrient pollution, including the contributions from various sources, as well as the various 
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approaches and tools that the EPA, other federal agencies, states, regulated entities, and others 

have employed- working together- to address this critical problem. 

We all recognize the value of clean water. Clean water is not simply a resource and asset to be 

passed on to our children; it is an essential part of life. Clean water is essential to public health, 

drinking water supplies, quality of life, and the welfare of families and communities, whether in 

large cities, small towns, or rural America. The health and gro'.'ith of small and large businesses 

and the jobs they create rely upon a high quality and sustainable source of water. The range of 

businesses that depend on a reliable and plentiful supply of clean water include tourism, farming, 

fishing, beverage production, manufacturing, transportation, and energy generation, just to 

mention a few. 

Extent of the Nutrient Pollution Problem 

Nitrogen and phosphorus pollution is a major threat to clean water. This has been extensively 

documented in the scientific literature and confirmed by monitoring data collected at federal, 

state, and local levels. States have identified more than 15,000 waters nationwide that have been 

degraded by excess levels of nutrients to the point that they do not meet state water quality 

standards. The EPA's most recent National Aquatic Resource Surveys of aquatic health found 

that of the stressors assessed, nitrogen and phosphorus are the most pervasive in the Nation's 

small streams and lakes. Approximately 50 percent of streams and more than 40 percent of lake 

acres have high or medium levels of nutrients. 
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Contamination of coastal waters by nutrient pollution is also a widespread and growing problem. 

For example, a recent analysis of647 U.S. coastal and estuarine ecosystems indicates that the 

percentage of systems with low oxygen levels or hypoxia (a common result of high nutrient 

levels) has increased dramatically since the 1960s and has become measurably worse even since 

the 1980s. The first national assessment of oxygen conditions in U.S. waters, conducted in the 

1980s, found 38 percent of systems to have hypoxia. Updating the information using today's 

data finds that 307 of 64 7 ecosystems, or 4 7 percent, experience hypoxic conditions. Severe 

hypoxia can result in "dead zones," an occurrence that unfortunately is occurring in increasing 

scope and magnitude in many of the Nation's coastal waters. 

An increasingly widespread and persistent result of nutrient pollution is the proliferation of 

harmful algal blooms- a situation in which waters are choked with algae and green with slime. 

Moreover, some harmful algal blooms produce toxins that threaten public health, aquatic life, 

food sources, and drinking water quality. Because of the increased incidence of these and other 

risks, many states actively monitor their waters for hannful algal blooms to protect swimmers, 

assure safe recreational uses, and protect consumers of shellfish. Some states, for example 

Kansas, Ohio, and New York, have public websites to post advisories warning citizens about the 

dangers of public waters that are impacted by harmful algal blooms. 

During the summer of 20 II, communities across the country were affected by harmful algal 

blooms in their waters: 
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• In Oregon, the state's health authority reports that 18 lakes and reservoirs affected by 

cyanobacteria led to nine closures that lasted from 11 to 62 days during the vital summer 

months. Additional closures remain in effect today; 

• The Kansas Department of Health and Environment has issued public health advisories 

for four lakes, warning residents that the water is unsafe for human or animal 

consumption and contact due to cyanobacteria. Eight additional Kansas lakes have 

public health warnings that advise no contact with the water; 

• The Associated Press reported on September 21 that low levels of cyanobacterial toxins 

have been detected in the Kansas River, a major drinking water source for nearly 60,000 

residents in eastern Kansas, prompting studies on the potential effects of the toxins on 

people and the local environment; 

• In Oklahoma, cyanobacterial blooms that started to develop before the Fourth of July 

continue to affect seven lakes in the state. Beaches at four lakes remain closed, while six 

lakes have advisories discouraging swimming and other recreation on the water; 

• In Ohio, Grand Lake St. Marys has received national attention for massive algal blooms 

that have led to deaths of fish, birds, dogs, and illnesses in at least seven people. These 

blooms have resulted in widespread economic losses due to beach closure and lower 

tourism revenue, and have threatened an important drinking water source for about 

10,000 people. The public health advisory for the lake that was issued in May was just 

lifted after four months, according to the Ohio Environmental Protection Agency; and 

• Additional toxic algal blooms have been reported in fresh waters in the State of 

Washington and the Great Lakes, while marine harmful algal blooms have been reported 

in Florida and Massachusetts. 



50 

VerDate Aug 31 2005 09:17 Jun 02, 2017 Jkt 000000 PO 00000 Frm 00056 Fmt 6633 Sfmt 6633 S:\_EPW\DOCS\24963.TXT VERNE 24
96

3.
03

5

Nutrient pollution can also affect the water that we drink. Levels of nitrate (a compound of 

nitrogen) in drinking water above the federal drinking water standard of 10 milligrams per liter 

have been linked to serious illness in infants, as well as other potential human health effects. 

Reported violations for nitrate standards at public water systems have doubled in the last eight 

years, with more than 1,000 violations in 2010. In the face of high nitrate levels, water systems 

have had to install treatment in order to remain in compliance. For example, in Lancaster 

County, Pennsylvania, more than 140 surface and groundwater systems have had to invest in 

new technology such as ion exchange treatment in order to clean up nitrate contamination and 

protect public health. The City of Fremont, Ohio is building a new $15 million drinking water 

reservoir in response to high nitrate levels in the Sandusky River. 

Nitrate can also be a risk to the 15 percent of Americans that use private wells that are not 

regulated under the Safe Drinking Water Act. Just this past year, USGS published a report that 

found nitrate levels in groundwater to exceed the federal drinking water standard of 10 mg/L in 

more than 20 percent of the shallow (less than 100 feet below the land surface) private water 

wells in the agricultural areas that it tested. This raises a potential concern for people in rural 

areas who rely on shallow wells for their water supply because of the potential for nitrate 

contamination. Although most public water systems that use groundwater sources get their water 

from deeper wells, USGS advises that nitrate may become a concern even for these systems, as 

surface pollution infiltrates and could contaminate deeper municipal drinking water supply 

aquifers. 
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In addition to the well-documented relationship between high nitrate levels and increased risk of 

serious illness in infants, nutrients can contribute to drinking water contamination in other ways. 

For example, toxins released by harmful algal blooms caused by high nutrient levels can pose 

risks to public health and aquatic communities. When not properly treated, the ingestion of 

water contaminated with these toxins can have health impacts on the liver, kidney, or nervous 

system. Additionally, higher levels of algae caused by nutrients in drinking water sources can 

increase the formation of by products from disinfection processes used at drinking water 

facilities. Exposure to disinfection byproducts can pose public health risks, due to their potential 

carcinogenicity and possible reproductive and developmental health risks. Removing these 

contaminants once they are formed can be expensive. The best way to address these byproducts 

is to prevent their formation in the first place. 

Contributions from Various Sectors 

The sources of nitrogen and phosphorus pollution to a waterbody depend on activities 

surrounding and upstream of a particular waterbody. In general, the primary sources of nitrogen 

and phosphorus pollution in urban and suburban areas are storm water runoff and municipal 

wastewater treatment systems. In rural areas, towns and cities continue to be an important 

contributor, but the predominant sources are waste from agricultural livestock activities and 

excess fertilizer from row crops. 

Stormwater : Stormwater can collect fertilizers and other applied nutrients, as well as 

other pollutants on impervious surfaces, before it is discharged to receiving waters. 

While urban stormwater may have lower nutrient concentrations than other nonpoint 
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sources of pollution, urban watersheds produce a much larger annual volume of runoff, 

such that the mass of nutrient pollution generated from stormwater can be significant. 

Wastewater Treatment Systems: U.S. municipal wastewater treatment facilities currently 

treat about 34 billion gallons of wastewater per day. Depending on the local ecological 

conditions and their relative contribution, discharges from publicly owned treatment 

works (or POTWs) can be a significant source of nutrients. POTWs receive permits 

under the Clean Water Act to reflect both technology-based secondary treatment 

requirements and applicable water quality standards. Onsite and decentralized 

wastewater treatment systems (or septic systems) are used in approximately 20 percent of 

U.S. homes and can also be a significant contributor to nutrient pollution. 

Livestock Waste: Animal agriculture production results in the generation of more than I 

billion tons of manure each year, resulting in more than 8 million pounds per day of 

nitrogen and 3 million pounds per day of phosphorus. 1 Much of the manure is applied to 

farmland as fertilizer for crops. If done appropriately using the four "R's"- right rate, 

timing, method, and form nutrients are applied so that they can be taken up by crops, 

and water quality impacts are minimized. However, if applied without considering the 

four R's, this manure may enter nearby waters and thereby contribute to nutrient 

pollution. Large feedlots and dairies (referred to as Concentrated Animal Feeding 

Operations) are required to obtain a Clean Water Act permit if they discharge pollutants, 

including nutrients, to waters of the United States. Smaller livestock production 

1 "An Urgent Call to Action: Report of the State-EPA Nutrient Innovations Task Group." 2009. Available at 
http:/ /water.epa.gov /scitech/swguidance/standards/criterialnutrients/upload/2009 _ 08 _ 27 _criteria_ nutrient_ nitgreport 
.pdf 



53 

VerDate Aug 31 2005 09:17 Jun 02, 2017 Jkt 000000 PO 00000 Frm 00059 Fmt 6633 Sfmt 6633 S:\_EPW\DOCS\24963.TXT VERNE 24
96

3.
03

8

activities are generally unregulated under the Clean Water Act. EPA and USDA have 

been working for many years to provide both funding and technical assistance to help 

farmers better manage their manure, with some success. 

Row Crop Fertilizer: Row crop agriculture can contribute nutrients when fertilizer in 

either manure or chemical forms is applied to but not taken up by crops. Even when 

fertilizers are applied at appropriate rates, the typical nitrogen utilization by crops is less 

than 30 percent. A USDA report published two weeks ago notes that reducing nitrogen 

application rates is the most etiective way to reduce reactive nitrogen and that 

opportunities exist for achieving additional nutrient reductions.2 The nutrients not used 

by crops can volatilize into the air, infiltrate into groundwater or run off the land with 

stormwater, adding to the problem of nutrient overabundance in the aquatic environment. 

Air Deposition: Nationwide, the deposition of nitrogen oxide compounds released to the 

air during fossil fuel combustion contributes significant inputs of additional nitrogen to 

the land and surface water. Cars and other mobile sources account for about 55 percent 

of nitrogen oxide emissions, while stationary sources account for the rest. 

Actions to Address the Nutrient Pollution Problem 

The EPA recognizes the nation's significant nutrient pollution challenges and is committed to 

finding collaborative solutions that protect and restore our waters and the health of the 

communities that depend on them. The growing and costly impacts of nutrient pollution on 

2 "Nitrogen in Agricultural Systems: Implications for Conservation Policy." 201 I. Available at 
http://www .ers.usda.gov /Publications/ERR 12 7/. 
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human health, recreation, tourism, business growth and expansion, and aquatic ecosystems 

demand a strengthened and far more coordinated framework of action if we are to succeed in the 

urgently needed job of reducing nitrogen and phosphorus loadings to our nation's waters. 

To reaffirm the EPA's commitment to partner with states and collaborate with stakeholders to 

reduce nitrogen and phosphorus loadings to the Nation's waters, I sent a memorandum to the 

EPA's ten Regional offices in March of this year. The memo, entitled Working in Partnership 

with States to Address Phosphorus and Nitrogen Pollution through Use of a Framework for State 

Nutrient Reductions, lays out a framework for guiding the EPA's work with states and 

stakeholders to achieve nutrient reductions. The EPA recognizes that states need room to 

innovate and respond to local water quality needs, and that a one-size-fits-all solution to nitrogen 

and phosphorus pollution is neither desirable nor necessary. 

The EPA believes that the most important tool within an effective state nutrient reduction 

framework is the development of a statewide list of prioritized watersheds to target the efforts of 

states and stakeholders to specific watersheds that account for a substantial portion of the 

nutrient pollution load. Within these watersheds, we can work together to develop stronger 

permits for point sources, and where appropriate, reduction measures for nonpoint sources, and 

opportunities to reduce discharges from unregulated stormwater point sources. Our Clean Water 

Act experience has shown that motivated states, using available tools and high-quality science, 

can mobilize local governments and stakeholders to achieve significant results. Federal 

agencies, such as NRCS, play an important role in promoting management practices that can 

protect and restore waters in these priorities watershed and other areas. 
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In addition to the significant benefits provided by state watershed targeting, numeric nutrient 

criteria targeted at different categories of water bodies and informed by scientific understanding 

of the relationship between nutrient loadings and water quality impairment, are effective and 

practical tools for the EPA and states to tackle the nutrient pollution problem. The EPA has 

worked with 25 states across the country to develop and approve numeric nutrient criteria for at 

least some of their waters, and continues to support and collaborate with others to achieve our 

common goals. 

Once effective watershed plans and nutrient standards are in place, the EPA, states, and 

stakeholders can work within the existing Clean Water Act framework to identify opportunities 

for achieving nutrient reductions and take action. Nutrient reductions for point sources of 

pollution can be achieved through National Pollutant Discharge Elimination System (NPDES) 

permits, which can be written to include permit limits that result in reduced nutrient discharges to 

affected waterbodies and therefore healthier waters. 

For discharges to waters that states have determined are impaired as a result of nutrient pollution, 

Total Maximum Daily Loads (TMDLs) provide loading limits for point and non-point sources 

that, when implemented, will achieve water quality standards. Moreover, in conjunction with 

USDA and several states, the EPA is exploring "certainty" mechanisms that encourage farmers 

who are not required to be permitted under the federal Clean Water Act to implement voluntary 

practices that reduce impacts on water quality and thereby increase the pace and extent to which 

resource conservation and verifiable water quality improvements are achieved. Under such a 
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framework, in exchange, the farmer would receive assurances that her actions are consistent with 

state plans to improve water quality. 

Another approach with significant potential is water quality trading, which can provide cost-

effective reductions in nutrient loadings within a watershed. Sources that achieve greater-than-

required nutrient reductions can receive "credits" that can be traded to other sources that cannot 

as easily reduce nutrient loadings. Trading can occur between point sources, or between point 

and non-point sources, which are then usually implemented through permits. The EPA has 

developed a toolkit for water quality trading that can help identify possible approaches that 

states, the regulated community, and other sources can use to encourage water quality trading.3 

For nonpoint sources, states, territories and authorized tribes can receive grants under CWA 

Section 319 Nonpoint Source Management Program to support a wide variety of activities 

including technical assistance, financial assistance, education, training, technology transfer, state 

regulatory programs that prevent or reduce nonpoint source pollution, demonstration projects, 

and monitoring to assess the success of specific nonpoint source implementation projects. The 

program relies on both state-wide Nonpoint Source Management Programs and the development 

and implementation of watershed plans to effectively reduce pollution. The effectiveness of 

watershed plans depends on the comprehensiveness of the plan, the management of the grant 

funds, and how completely the plan is implemented. States and other recipients of Section 319 

grants often leverage their grants with resources from other funding sources, such as cost share 

funding from USDA, and find the broad range of eligible activities under Section 319 to be 

3 The EPA's Water Quality Trading Toolkit for Permit Writers is available at 
http://water.epa.gov/typelwatersheds/trading/WQTToolkit.cfin. 
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essential for developing and completing effective projects. The Farm Bill also includes funding 

for a variety of conservation programs, including the Environmental Quality Incentives Program, 

which offers financial and technical assistance to eligible participants to help plan and implement 

structural and management conservation practices that address natural resource concerns and 

offer opportunities to improve soil, water, plant, animal, air and related resources on eligible 

agricultural land and non-industrial private forestland. 

Tools known as Best Management Practices (BMPs) can also be an effective mechanism for 

reducing nutrient pollution from agriculture, urban stormwater, and other sources. BMPs are 

effective controls or other practical actions that can be used to mitigate pollution. BMPs are 

implemented for a variety of purposes, including protecting water resources, human health, 

terrestrial or aquatic wildlife habitat, and land from degradation by wind, salt, and toxic levels of 

metals. The primary focus of many BMPs is to reduce the delivery of pollutants into water 

resources by reducing pollutant generation or by remediating or intercepting pollutants before 

they enter water resources. These BMPs can be useful in a variety of sectors: 

Agriculture: Effective BMPs to control the delivery of nutrients and sediment from 

agricultural operations can be implemented by a systems-based, site-specific nutrient 

management planning approach. Evidence shows that these practices are most effective 

when implemented as a coordinated suite of practices.4 Available tools include nutrient 

source control and avoidance (right rate, timing, form and method of application), in-field 

control, and edge-of-field trapping and treatment. The optimization of agricultural 

4 See USDA!NRCS report, "Assessment of the Effects of Conservation Practices on Cultivated Cropland in the 
Upper Mississippi River Basin," available at 
http :i/www.nrcs. usda. gov ilntemet/FSE _DOCUMENTSistelprdb I 04 209 3 .pdf. 



58 

VerDate Aug 31 2005 09:17 Jun 02, 2017 Jkt 000000 PO 00000 Frm 00064 Fmt 6633 Sfmt 6633 S:\_EPW\DOCS\24963.TXT VERNE 24
96

3.
04

3

fertilizer application can also reduce the amount of nutrients added and limit runoff, 

thereby helping to reduce nutrient pollution. Reducing fertilizer application can also help 

a farmer's bottom line. 

Stormwater: Hydrology can be a critical driver of water quality impairments in developed 

and developing areas. Thus, managing runoff to minimize the mobilization and discharge 

of pollutants is an important component oflimiting nutrient pollution from these areas. 

Implementing BMPs that employ low impact development (LID) and other green 

infrastructure techniques allows infiltration, evapo-transpiration, and the use of rainwater 

on-site. Also, grasses or turf can contribute a substantial amount of nutrients from 

suburban lands, and landowners can employ BMPs to control the losses. Bans or 

reductions of phosphate in detergents, other cleaning products, and lawn fertilizers can 

also reduce nutrient pollution from urban areas. 

Decentralized Wastewater Treatment: Nitrogen pollution from decentralized wastewater 

treatment systems can be effectively controlled when cluster treatment systems are 

implemented to treat effluent from multiple lots at nearby off-site locations, or advanced 

single-family home systems that reduce nutrient concentrations are installed. 

Geographic Initiatives 

The EPA is strongly committed to addressing the problem of nutrient pollution and doing so in 

collaboration with states, tribes and other federal agencies. In addition to the EPA's nationwide 

efforts to address the nutrient oollution nroblem. the EPA is also workin~r closelv with its 
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partners in specific geographic areas, including working with states whose waters flow to the 

Chesapeake Bay, Long Island Sound, the Great Lakes, Lake Champlain, and the Gulf of Mexico. 

As an example, the EPA is working hard to focus on water quality goals in the Mississippi and 

Atchafalaya River Basin. The EPA is working with USDA, USGS, and states to provide 

monitoring support in a subset of USDA's Mississippi River Basin Initiative watersheds. To 

complement the efforts of USDA and other partners, we are focusing on broader efforts to use 

funding under Section 319 of the Clean Water Act for watershed planning and stakeholder 

involvement to enhance USDA programs by engaging creatively in work with communities and 

watersheds to achieve improvements in water quality. The EPA also serves as co-chair of the 

Gulf Hypoxia Task Force, which provides a forum for 17 state and federal agencies- including 

USDA and the Department of the Interior- to partner on efforts to mitigate nutrient loadings and 

encourage a holistic, cooperative approach. The EPA looks forward to our continued work with 

Chief White, Associate Director Werkheiser, and their colleagues in this effort. 

Additionally, the EPA has engaged states and stakeholders to partner in addressing nitrogen and 

phosphorus pollution on numerous fronts. In 2009, the EPA helped to lead the nationally 

focused State-EPA Nutrient Innovations Task Group to evaluate the science, sources, and 

economic impacts behind the ongoing problem of nutrient pollution and to develop 

recommendations for controlling the impacts to our nation's drinking water supplies and 

waterways. The Task Group issued An Urgent Call to Action, which provides specific 

recommendations to the EPA Administrator and the public for joint state and federal actions to 
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control nitrogen and phosphorus pollution5 The EPA, other federal agencies and the states are 

also collaborating on the Gulf Restoration Initiative and several joint committees with the 

Association of Clean Water Administrators, the Association of State Drinking Water 

Administrators, and the National Association of Clean Water Agencies. Finally, EPA is working 

closely with USDA, the Department of the Interior, and Chesapeake Bay states to implement the 

landmark Chesapeake Bay TMDL, which sets a pollution diet for nutrients in the Bay. 

Conclusion 

The threat posed by nutrients in the Nation's waters is one of the most serious water pollution 

problems faced by the EPA, the states, and local communities. The EPA is committed to 

working with our partners at USGS and NRCS, as well as states, other federal agencies, farmers, 

businesses, communities, and other stakeholders to identify ways to tackle the nutrient problem 

in a way that protects waters, sustains the economy, and safeguards the well-being of all 

Americans who depend upon clean and safe water. 

Thank you for the opportunity to testify before the Subcommittee today. I look forward to 

answering any questions you may have. 

5 The Task Group's report is available at 
http:/ /water. epa.gov/scitech/swguidance/standards/ criteria/nutrientslupload/2009 _ 08 _ 27 _criteria _nutrient_ nitgreport 
.pdf 
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Enclosure 
Responses to Questions for the Record 
Subcommittee on Water and Wildlife 
Committee on Environment and Public Works 
Hearing on "Nutrient Pollution: An Overview of Nutrient Reduction Approaches" 
October 4, 2011 

J. Isn't it true that the Bush Administration EPA, the EPA Inspector General, the 
National Academies of Science, and a State-EPA nutrient task force led by the 
Association of State and Interstate Water Pollution Control Administrators 
(ASIWPCA) and the Association of State nrinking Water Administrators (ASDWA) all 
highlighted the benefits of using numeric nutrient criteria'! 

Given that multiple independent bodies, including bodies representing state pollution 
control and drinking water agencies, recommended the usc of numeric nutrient cl"iteria, 
isn't it appropriate for EPA to consider how to incorporate these standards into its 
ongoing efforts to reduce nutrient pollution? 

Yes, it is true that all those entities have highlighted the benefits of using numeric nutrient 
criteria. The EPA has been recommending that states adopt numeric nutrient criteria since our 
1998 National Strategy for the Development of Regional Nutrient Criteria and believes it is 
appropriate to consider how to incorporate numeric criteria into ongoing efforts to reduce 
nutrient pollution. 

Under the Clean Water Act, primary responsibility for the development and implementation of 
water quality standards rests with the states. On March 16, 20 II, the EPA released a 
memorandum entitled "Working in Partnership with States to Address Phosphorus and Nitrogen 
Pollution through Use of a Framework for State Nutrient Reductions" (Framework Memo). The 
Framework Memo places a strong emphasis on working with states to achieve near-term 
reductions in nutrient loadings. The Framework Memo includes recommended elements of a 
stale nutrient reduction strategy as a tool to guide ongoing collaboration between the EPA and 
states and among federal, state, and local partners in our joint effort to make progress on 
reducing nitrogen and phosphorous pollution. Development of numeric nutrient criteria is one 
aspect of this coordinated and comprehensive approach. The EPA is committed to and engaged 
in providing to states the most current scientific information and technical resources to develop 
numeric nutrient criteria and strengthen their underlying rationale and defensibility. 

2. Does the usc of numeric nutrient ct·iteria imply the usc of a single nation-wide or state­
wide standard'! Can numeric nutrient criteria be used in a flexible manner that adapts 
to local conditions? 

The use of numeric nutrient criteria does not imply the use of a single nationwide or state-wide 
standard. The EPA docs not believe that setting uniform nationwide numeric nutrient standards 
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would be appropriate because it would not reflect the multiplicity of diJTerent ecosystems across 
the country and the differing ways in which nutrient levels may affect these ecosystems. Even 
statewide standards are likely to require different criteria for different ecoregions within the state, 
as well as some site-specilic flexibility. Numeric nutrient criteria can be used in a t1exible 
manner that adapts to local conditions. Where the EPA has made recommendations regarding 
nutrient criteria lor lakes, reservoirs, rivers, and streams, the EPA has done so based on nutrient 
ecorcgions, which are regions of relative homogeneity in ecological systems, recognizing that 
states can develop more refined criteria. In addition to site-specific criteria, states have adopted 
nutrient criteria for subcategories of lakes and rivers, often by ecoregion within the state. 

The EPA strongly believes that states are best suited to address nutrient pollution. The EPA 
recognizes that states need flexibility to develop creative and cost-effective solutions for 
addressing nitrogen and phosphorus pollution and that a one-size-fits-all solution is neither 
desirable nor necessary. The EPA continues to prefer that states develop numeric nutrient criteria 
for their waters, and the EPA stands ready to work with states to tailor a nutrient reduction 
approach to particular state circumstances. The EPA is interested in continuing to engage with 
states through workshops and webinars to share best practices and experiences and to develop 
innovative approaches to address nutrient pollution that are scientifically defensible and meet the 
requirements of the Clean Water Act. 

3. In an Apri12010 lettcJ' providing comments on EPA's guidance on numeric nutrient 
criteria, the Science Advisory Board commended EPA for addressing nutrient issues, 
recognized the importance and legitimacy of efforts to develop numeric nutrient 
criteria, and provided suggestions for improving the guidance. 

The SAB validated EPA's general approach while suggesting areas for improvement. Is 
EPA working to improve the guidance based on the SAB's recommendations so that it 
will be more useful for users'! 

In response to the Science Advisory Board (SAB)'s independent peer review of the EPA's draft 
guidance, the EPA revised its recommended nutrient criteria derivation methodologies and 
issued them in final form in late 2010. 

The Science Advisory Board (SAB) reviewed the EPA draft technical support document, 
Empirical Approachesjiw Numeric Nutrient Criteria Derivation. and provided comments in an 
April2010 letter in which the Board validated the EPA's overall approach while suggesting 
areas for improvement. Specifically, the SAB determined that the "stressor-response approach is 
a legitimate, scientifically based method for developing numeric nutrient criteria if the approach 
is appropriately applied." The critiques that the SAB provided were not on the approach itself: 
but rather on the detail provided in the technical support document to assist states in the use of 
this approach. The EPA fmiher revised this document to address the SAB's concerns; namely, to 
present a more complete and balanced view of using statistical methods to develop the criteria to 
make the document more useful to state and tribal water quality scientists and resource 
managers. This revised technical support document, Using Stressor-response Relationships to 
Derive Numeric Nutrient Criteria (EP A-820-S-1 0-00 I), was released in final form in November 
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2010. The guidance document may be used by states as an additional tool to develop 
scientif!cally defensible numeric nutrient criteria. 

In addition to the technical support that the EPA provides in the form of technical support 
documents on the methods and approaches available for deriving numeric nutrient criteria, the 
EPA provides expert technical assistance via a web-based clearinghouse for numeric nutrient 
criteria development (N-STEPS), and outreach in the form of workshops and technical meetings. 
The EPA will continue to pminer with states, the scientific community, and all stakeholders on 
the development and implementation of numeric nutrient criteria. 
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Senator Max Baueus 

l. What specific steps is EPA Region 8 following to carry ont Ms. Stoner's Mat·ch 2011 
directive to work with states to find innovative solutions to nutrient loading? 

Using the March 16, 20 II memo as a guide, EPA Regional Administrators, including Region 8 
Administrator Jim Martin, have begun dialogues with states, tribes, and stakeholders. These 
dialogues have focused on how we can best work together to make near-term progress on 
reducing nitrogen and phosphorus pollution while states continue their efforts, which the EPA 
has encouraged since 1998, to develop numeric criteria for these pollutants. The March 16 memo 
builds on principles that the EPA has previously articulated and reaffirms the EPA's commitment 
to partnership with states and collaboration with stakeholders. 

Within Region 8, the EPA has been working collaboratively with slates to address nutrient 
pollution concerns. Activities include the following: 

• Sponsoring a stakeholder workshop focused on developing an understanding of nutrient­
related concerns and identifying possible solutions; 

• Working with both Colorado and Montana to evaluate their respective approaches lor 
addressing nutrients; 
Forming a regional workgroup to identify effective nutrient best management practices; 
and 

• Finding innovative approaches that support adoption of numeric nutrient criteria by 
states, recognizing that progress may be incremental. 

2. In 2011, the state of Montana legislature overwhelmingly passed a bill (S.B. 367) on 
direct implementation of the state's numeric standards. What specific provision, if any, 
of current federal statute, regulation, or guidance would preclude full implementation 
ofS.B. 367 in Montana? 

Montana's law, tormer Senate Bill 367, authorizes variances ll'om numeric nutrient criteria based 
on economic hardship on dischargers. Variances are one tool available to states in situations 
where water quality standards cannot be met immediately, but where the state believes that the 
standard ultimately can be attained. Variances are temporary, subject to review every three years, 
and may be extended upon expiration. Generally, variances are an appropriate tool to consider 
where it can be demonstrated that it is not feasible to attain the designated usc during the term of 
the proposed variance based on one of the factors specified in 40 CFR Section 131.1 O(g), such as 
substantial and widespread economic and social impacts. As a change to a state's water quality 
standards, a variance requires the EPA's review and approval before it becomes effective for 
Clean Water Act purposes (40 CFR Section !31.21(c)). A variance temporarily establishes a Jess 
stringent water quality standard that can be met with the expectation that the discharger will 
make feasible progress toward protecting the designated usc. 

As articulated in a January 3, 2012 letter t!·om Region 8 Regional Administrator Jim Martin to 
Montana Department of Environmental Quality (DEQ) Director Richard Opper, the EPA has 
concluded that the issuance of most types of variances pursuant to S.B. 367 would be consistent 
with the Clean Water Act and its implementing regulations based on information provided to the 
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EPA at the time. The EPA's letter describes our understanding that Montana DEQ plans to 
propose rulemaking this spring to implement the temporary variance pwcess and related numeric 
nutrient criteria. 

The EPA's January 3 letter articulates the EPA's belief that former S.B. 367's issuance of 
"temporary" variances would generally be consistent with the CW A. Former S.B. 367 also 
allows the state to approve an "alternative" variance where a "permittee demonstrates that 
achieving nutrient concentrations established for an individual or general nutrient standards 
variance would result in an insignificant reduction of instream nutrient loading." The EPA is 
concerned with this provision because the EPA's water quality standards regulations at 40 CFR 
131.1 O(g) do not contain a factor that would allow a variance simply because the loading is 
insignificant. 

The EPA will be responsible for reviewing and, ifappropt·iate, approving Montana's final 
proposed water quality standards revisions when they are formally submitted to EPA at the close 
of the rulemaking process. As reinforced in the EPA's January 3 letter, the EPA looks forward 
to continuing to work with Montana DEQ to support its rulemaking process and to evaluate any 
additional information and analysis as it becomes available. 

3. On June 24, 20ll, Richard Opper, the director of the Montana Department of 
Environmental Quality (DEQ) and President of the Environmental Council of the 
States, testified before the House Transportation and Infrastructure Committee about 
the state of Montana's efforts to implement numeric nutrient standm·ds that include a 
practical variance process. What specifically has EPA done since Mr. Opper's 
testimony to •·espond to the state of Montana's efforts'! 

Since the June 24 hearing, the EPA has continued to collaborate closely with MDEQ on the 
State's numeric nutrient criteria rulemaking package and associated work on the statewide 
economic variance analyses, including the EPA's January 3, 2012 letter described above. The 
Agency remains engaged in productive discussions with the State and stakeholders and continues 
to work closely with MDEQ on options for addressing the eil1uent limits that would apply white 
the variance is in effect. 

4. Given that Montana's numeric standards, as implemented under S.D. 367, will require 
immediate upgrades by an estimated 70 percent of Montana's large dischargers and 30 
percent of smaller dischargers, with temporary variances that must be re-justified 
every 3 years, how would implementation of SU. 367 fail to meet EPA's directive to find 
innovative solutions to nutrient loading? 

The EPA recognizes that Montana's approach reHects progress toward establishing numeric 
nuttient standards encouraged in the EPA's March 16,2011 memo. With regard to the policy in 
Montana's law establishing nutrient standards variances (formerly Senate Bill 367) and !he state's 
efforts to develop and adopt numeric nutrient criteria for wadeable streams, the EPA is 
encouraged that Montana is setting appropriate standards while at the same time making usc of 
available flexibilities. As described in response to Question 2 above, the EPA has informed 
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Montana that the issuance of most types of variances pursuant to S.B. 367 would be consistent 
with the Clean Water Act and its implementing regulations. The EPA and MDEQ are working 
collaborativcly to develop effluent limits that would apply while Montana's variances are in 
effect. 

5. Montana DEQ's economic analysis shows that the costs of deploying commercially 
available technology to immediately address point source discharge oftotal phosphorus 
and total nitrates would outweigh the benefits by approximately four to one. Given the 
often extremely high cost of currently available technology for addressing point source 
discharges of nutrients, what steps does EPA plan to take nationwide to encourage less 
costly state implementation of nutrient standards? 

The EPA recognizes that states need flexibility to develop creative and cost-eflective solutions to 
addressing nitrogen and phosphorus pollution, and that a one-size-fits-all solution is neither 
desirable nor necessary. Where states develop numeric nutrient criteria, there are multiple 
implementation tools, including variances, permit compliance schedules, and revisions to 
designated uses available to states, which provide f1exibility when implementing numeric 
nutrient criteria. For example, variances are available to states in situations where water quality 
standards cannot be met immediately, but where the state believes that the standard ultimately 
can be attained. Variances are temporary, subject to review every three years, and may be 
extended upon expiration. Generally, variances arc an appropriate tool to consider where it can 
be demonstrated that it is not feasible to attain the designated use during the term of the proposed 
variance based on one of the factors specified in 40 CFR Section 131. I O(g), such as substantial 
and widespread economic and social impacts. The variance requires the EPA's review and 
approval bef(we it becomes effective for Clean Water Act purposes ( 40 CFR Section 131.21 (c)). 
A variance temporarily establishes a less stringent water quality standard that can be met with 
the expectation that the discharger make feasible progress toward protecting the designated use. 

On a nationwide basis, as states continue to make progress toward developing nutrient criteria 
and implementation programs, the EPA plans to participate actively with states and their 
stakeholders, describe tools and options that are consistent with the Clean Water Act. and 
provide careful review and technical assistance on state proposals. This work will assure that a 
range of practical approaches are developed to meet the needs and priorities of the various states. 

One of the primary tools for achieving water quality standards on individual water bodies is a 
total maximum daily load (TMDL). This consists of a target level of discharges Jbr the water 
body and a combination ofwasteload and load allocations to point and non-point sources, 
respectively. Point sources receive wasteload allocations that must be reflected in their permits, 
while non-point sources and background sources receive load allocations. States have a great 
deal of flexibility in the development and implementation of TMDLs to make sensible choices 
that achieve water quality standards in cost-effective ways. For example, states may assign 
significant load reductions to non-point sources, as long as they have a mechanism under state 
law for providing reasonable assurance that such reductions will occur. Another approach is to 
establish a program for trading between point and non-point sources. Under this approach, loads 
reductions are assigned to the point sources, but they can purchase credits from non-point 
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sources to meet their allocations. The EPA believes these and other innovative approaches have 
the potential to achieve significant nutrient reductions at reasonable cost. 
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Senator Ben,jamin Cardin 

1. Please comment on the scale of the nutrient pollution problem. How many waters in the 
U.S. arc currently impaired due to nutrients? 

Nutrient pollution is a major and growing national water quality problem in both t\·esh and 
marine waters, and affects many waterbodies across the United States. On a national scale, the 
primary sources of nitrogen and phosphorus pollution can be grouped into five major categories: 

1) urban storm water runoff from sources associated with urban land use and development; 
2) municipal and industrial wastewater discharges; 
3) row crop agriculture; 
4) livestock production; and 
5) atmospheric deposition fl·om the production of nitrogen oxides in electric power 

generation and internal combustion engines. 

More than 15,000 nutrient-related impaired waters have been identilied in 49 states, including 
2.5 million acres of assessed lakes and reservoirs and 80,000 miles of rivers and streams. This is 
likely an underestimate because only a quarter of lakes and reservoirs and Jess than half of the 
nation's rivers and streams have been assessed. In terms of the estuaries and coastal waters to 
which many of the country's major watersheds flow, 78% of assessed continental tJ.S. coastal 
waters exhibit eutrophication, a condition caused by excess levels of nitrogen and phosphorus. 

2. Which areas of the country arc experiencing the greatest effects of nutrient pollution? 
Why? 

Nutrient pollution is a major and growing national water quality problem, and it is challenging to 
identify spccit1c areas experiencing the greatest effects. However, as noted above, coastal and 
estuarine waters are showing significant levels of nutrient-related degradation, including those in 
the Mid-Atlantic, Southeast, and Gulf of Mexico, as well as those in the Northwest and the Great 
Lakes. In addition, a recent 2010 USGS Report on Nutrients in Streams and Groundwater 
indicated that nitrogen concentrations arc generally highest in agricultural streams in the 
Northeast, Midwest and Northwest 1 

3. Human-produced nutrient pollution in U.S. freshwaters costs the U.S. economy almost 
$2.2 billion each year and coastal algal blooms can cost $82 million annually, acconling 
to studies reported by the Environmental Science and Technology Joumal in 2009, and 
the Ecology Studies Series in 2006. 

• What industries are most harmed by nutrient pollution'! 
• Is there evidence that reductions in nutrient pollution create economic benefits? 
• What are some examples'! 

Nutrient pollution is a major threat to our drinking water supplies, the welfare of communities, 
and the health and growth of businesses and jobs that rely on a high-quality and sustainable 
source of water including tourism, fanning, fishing, beverage production, manufacturing, and 

' U.S. Geological Survey. 2010. USGS Circular 1350: Nutrients in the Nation's Streams and Groundwater. 
A val lah!c at hH!t=ltw~1£.r~.~Hi.&~.~.1b9~(mt\Yg£l/!!.li!lt~ll!.§LilU!22!£1I:£1J.~.Qf. 
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transportation, just to name a few. The contamination of America's waters by nutrient pollution 
is a widespread and growing problem. 

The impacts of nutrient pollution, particularly the growth of harmful algal blooms, result in 
signiHcant economic losses, both at a local- and regional-scale. As described in further detail in 
my written testimony, examples of how nutrient pollution can affect our communities and cause 
negative economic impacts include: 

• Decreased Iakehont property values 
• Loss of and decline in Hsheries and recreational use (i.e., fishing, boating, swimming) 
• Decreased tourism 
• Increased drinking-water treatment costs 
• Increased public health costs 
• Increased livestock illness. 

Reduction in nutrient pollution has the potential for significant economic benefits. Below are 
some examples of economic impacts of nutrient pollution (1) on the national scale, (2) on the 
regional scale and (3) as they relate to drinking water. These costs could be signiHcantly reduced 
through reductions in nutrient pollution. 

1. Nationwide Estimated Economic Impacts Due to Nutrient Pollution 
• Human-induced eutrophication in U.S. freshwatcrs costs approximately $2.2 billion 

annually, with the majority of the impacts due to losses in Iakelront property values and 
recreational uses? 

• Chesapeake Bay- The Chesapeake Bay and its rivers are unhealthy primarily because of 
pollution from excess nitrogen, phosphorus and sediment. Between 1998 and 2006 the 
decline of crabs in the Bay meant a cumulative loss to Maryland and Virginia of about 
$640 million (loss to restaurants, crab processors, wholesalers, grocers, and watermen).3 

Loss of Bay oysters over the last 30 years was equivalent to a loss of more than $4 billion 
for Maryland and Virginia4 

2. Regional Estimated Economic Impacts Due to Harmful Algal Blooms 
• Pacific Northwest- $10-$12 million in lost annual revenue to commercial, subsistence, 

and recreational fisheries in 2002-03 due to toxic algal blooms along the Pacific Coast. 
(Hoagland P, Scatasta S. 2006. The economic effects of harmful algal blooms.5 

• New England- $23 million in lost annual revenue to commercial fisheries in Maine and 
Massachusetts in 2005 due to toxic algal blooms (red tide).6 

2 Dodds et al. 2009. Eutrophication of U.S. Freshwaters: Analysis of Potential Economic Damages. Environmental 
Science and Technology. 43:1, 12-19. 
3 Chesapeake Bay Foundation. The Economic Argument for Cleaning up the Bay and its Rivers. November 20 I 0; 
Dr. James Kirkley, Virginia Institute of Marine Science. btm://.lv)Y'Y.cl>r._org/J2g~_\mLcJlJJ)og:(jd · .5.91 
' U.S. Army Corps of Engineers. 2008. Oyster Environmental Impact Statement. 
http://www.nao.usace.army.mil/OysterEJS/FINAL __ PEISihomepagc.asp 
5 E Graneli and J Turner. cds., Ecology ofllannful Algae. Ecology Studies Series. Dordrecht, The Netherlands: 
Springer-Verlag, Chap. 29. 
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• Florida- $19-$32 million in lost annual state revenue due to recurring toxic algal blooms 
(red tidc). 7 

• Florida- up to $5.4 billion in lost annual revenue from recreational saltwater fishing. 8 

• Maryland/Ch9sapeake Bay -estimated 48 million in seafood sales were lost to Maryland 
producers as a consequence of the 1997 Pfisteria eventY 

3. Drinking Water Economic Impacts Due to Nutrient Pollution 
• Treating drinking water supplies to resolve taste and odor issnes associated with nutrient 

pollution and reduce nitrate, which can cause methemoglobinemia (blue baby syndrome), 
is costly to communities. For example, as mentioned in my testimony, in Lancaster 
County, Pennsylvania, more than 140 surface and groundwater systems have had to 
invest in new technology such as ion exchange treatment in order to clean up nitrate 
contamination and protect public health. 

• In the U.S., taste and odor problems potentially associated with nutrient-polluted drinking 
water supplies result in an estimated $813 million (2008 dollars) per year spent on bottled 
water. This tigure is believed to be an underestimate of the total cost of treating drinking 
water due to eutrophication. 10 

• For a small community water system serving 500 or fewer people, the capital cost for ion 
exchange treatment to remove nitrates would be more than $280,000 with annual 
operating costs of$ J 7 ,500. That capital cost increases to over $550,000 with annual 
operating costs of over $50,000 for a community water system serving 3,300 pcople. 11 

• Often, problems occur in rural areas and 1or small systems with limited resources. In 
2009 and 20 I 0, based on EPA data, 69% of nitrate violations in community water 
systems occurred at systems serving fewer than 500 people. 

'NOAA Center for Sponsored Coastal Ocean Research. 2008. Economic Impacts of Harmful Algal Blooms. 
http://www. cop .noaa.gov/stressors/extremeevents/hab/ cwTent/econ impact_ 08.pdf 
7 NOAA Center for Sponsored Coastal Ocean Research. 2008. Economic Impacts ofHarmfhl Algal Blooms. 
http://www.cop.noaa.gov/st•·cssors/cxtremeevents/hab/cu•Tent/eeonimpact_ 08.pdf 
'Florida Fish and Wildlife Commission (FWC). 2010. The Economic Impact of Saltwater Fishing in Florida. 
http://myfwc.com/conservation/value/saltwater-1ishing/). Saltwater anglers averaged I 0.8 million fishing trips per 
year within Florida's ten·itorial sea fi·om 2005 to 2009 (NOAA. 20 II. NOAA Fisheries: Recreational Fisheries 
Statistics Queries. h.!J.rrH~'-'-Y~~.-.. ~U:unJ.1 .. n9i1Q~ggyf~t.Vr~.qqminn!~J~q~~~rtcs/in4~KJUn1I. 
9 

Lipton 1999. Estimated Annual Economic Impacts from Harmful Algal Blooms in the United States by Donald 
Anderson, Porter Hoagland, Yoshi Kaoru, Alan W. White 1990. 
10 Dodds eta!. 2009. Eutmphication of U.S. Fresh waters: Analysis of Potential Economic Damages. Envimnmcntal 
Science and Technology. 43:1, 12-19. 
11 NITG. 2009. An Urgent Call to Action: Report of the State-EPA Nutrient Innovations Task Group. 
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• In Fremont, Ohio (population= 20,000), numerous drinking water violations due to high 
nitrate concentrations have lead to the need for an estimated $15 million to build a 

reservoir as an alternate water supply. 12 

• In regulating allowable levels of chlorophyll-a in Oklahoma drinking water reservoirs, a 
problem due to nutrient pollution, the Oklahoma Water Resources Board estimated that 
the long-term cost savings in drinking water treatment for 86 systems would range from 

$106 to $615 million if such regulations were implemented. 13 

4. The Clean Water Act requires that local jurisdictions develop TMDLs for waters too 
polluted to meet local quality standards. The Chesapeake Bay currently has the largest 
TMI>L. What is a TMHL and how effective have TMDLs been in improving water 

quality? 

A total maximum daily load (TMDL) is a calculation of the maximum amount of a pollutant that 

can enter a water body and still meet all applicable water quality standards - both narrative and 

numeric. This maximum pollutant "diet" is allocated to the point sources (e.g., publicly owned 

treatment works, industrial, and some stormwater sources) and non-point sources (e.g., 
agricultural runoff, atmospheric deposition). The TMDL must re11ect critical conditions and 

seasonality, and must also contain a margin of safety to account lor uncertainties between the 

loadings and the water quality response. The allocations assigned to point sources (waste load 

allocations) are reflected in NPDES permits issued by the states (or the EPA). Waters requiring 

the calculation of a TMDL are those identified as impaired by the states and submitted to the 
EPA on a biennial frequency. After this list of impaired waters is approved by the EPA, it is the 

EPA's policy that a TMDL should be developed and submitted to the EPA within 8-13 years. 

The EPA is leading the development ofthe 20 I 0 Chesapeake Bay Total Maximum Daily Load 

(TMDL. The EPA's TMDL establishes the maximum amount of pollution the Chesapeake Bay 

estuary can receive and still meet water quality standards. In turn, the seven Chesapeake Bay 

jurisdictions, which include six states and the District of Columbia, determine the sector 

allocations and strategies lor reducing nutrients in order to meet overall state-level reduction 
goals established by the TMDL. 

TMDLs have contributed and continue to contribute to restoring and maintaining the quality of 

the nation's waters in several important ways. TMDLs provide an initial quantitative plan to 

reduce pollution, organize restoration efforts, identify potentially involved parties, and help focus 

pollution budgeting on what is most useful f(Jr reestablishing the beneficial uses of a healthy 
water body. They also provide a public involvement process to engage stakeholders. Some 
50,000 TMDLs have been approved. 

TMDLs, once implemented, enable steps to be taken that facilitate water quality improvement, 

although all TMDLs have not been fully implemented nationwide. A 2009 six-state analysis 

showed that 80% of TMDLs were at least partially implemented (89% of point source/mixed 

12 NITG. 2009. An Urgent Call to Action: Reporl of the State-EI' A Nutrient Innovations Task Group. 

" US EPA. Section 3 I 9 Nonpoint Source Success Stories. hJ!Jl'lfll!iltcr.cpa.gov{lli.'L'l'l!.s.l\'!UJlSi.SJ!,cess3 I '!I 
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TMDLs, 73% ofnonpoint source TMDLs). In a 2010 national study, 95% ofNPDES permits 
with specific TMDL wasteload allocations were meeting the terms of their TMDLs. 

Although nonpoint source controls are voluntary and remain the biggest challenge facing US 
water quality improvement, a 20 I 0 study relating CW A Section 319 nonpoint control projects to 
TMDLs identified 2, 746 Section 319 projects reporting involvement with developing or 
implementing a TMDL. Most impaired waters take years to decades to recover fully, but 
evidence is growing that TMDLs are helping to successfully catalyze water quality 
improvement. For example, a 2008 EPA-funded analysis ofTMDLs in two states (Ohio and 
West Virginia) observed that pollutant loading reductions had already occurred subsequent to 
46% of the TMDLs assessed, and ongoing water quality improvements were detected in 19% of 
the waters addressed by the TMDLs, despite the short time D-ame that elapsed since their 
completion. 14 

5. How do the EPA and USDA coordinate their current efforts in fighting nutrient 
pollution? Should this partnership, based on its results, continue? 

The EPA and USDA have been collaborating for well over a decade at the national, regional and 
state levels, and will continue to collaborate. In fact, we support even more enhanced 
collaboration in the years ahead. Both agencies value the critical work that American fanners 
are doing to protect our soil, air, and water resources. We believe that environmentally sound 
farming is essential to a thriving agricultural community and a sustainable environment. 
Agriculture is a key part of the American economy and way of life, and has an important role in 
watershed restoration efforts. EPA and USDA are both committed to working together and with 
their partners to help ensure that farmers can continue producing food and tlber while reducing 
nutrient pollution and improving water quality. 

The EPA and the U.S. Department of Agriculture (USDA) collaborate closely, leveraging each 
agency's expertise through implementation of their respective programs. EPA provides its latest 
science to help advise USDA on key priorities fi:Jr advancing water quality-based conservation 
practices and innovative solutions to agricultural challenges affecting water quality. 

EPA and USDA also coordinate federal funding programs to ensure the most efficient use of 
federal funds to deal with agricultural challenges facing water quality. Typically, these programs 
include the EPA's implementation of the national program to control nonpoint sources of 
pollution under Section 319 of the Clean Water Act and USDA's implementation of the Farm 
Bill Conservation Programs. These programs are complementary and enable the strengths and 
resources of each agency, including the agencies' state partners, to be employed in a manner that 
maximizes overall effectiveness of the programs. 

The EPA/USDA collaboration has been further strengthened in the past several years, and the 
agencies continue to work together and with the states to create effective partnership 
opportunities. On a regional level, the agencies have been working together in the Chesapeake 
Bay region to advance concepts like Agricultural Cctiainty that will provide positive incentives 

"'Implementing Total Maximum Daily Loads: Understanding and Fostering Successful Results. Available at 
lli.W.JfjY~X~,~Q9. gov(Q_~~:~t~~t!mQJLrQ~Hlt$}Q5.t!lJ1Ji~JJi§LJL12Q.Ll]2U1~tf 
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lo the agricultural community to further address water resource issues. The goal of our 
collaboration is to increase conservation on the ground and to better protect water resources from 
nonpoint sources of pollution, including nitrogen and phosphorus. The EPA and USDA 
collaborate with states, other federal agencies, and stakeholders to enhance resources and 
resource conservation in order to improve water quality and habitat, reduce nulTient loading, and, 
through water quality monitoring and assessments, track changes and improvements that take 
place across the landscape as the result of watershed planning and voluntary adoption of 
conservation systems by agricultural producers. Coordination needs and opportunities vary in 
particular watersheds, but the agencies often pursue a common template in coordination with 
state partners, such as: 

• The EPA's 319-funded state partners or their subgrantecs (such as conservation districts) 
develop watershed plans; 

• USDA contracts with landowners who implement Best Management Practices; 

• USDA and/or the State 319 agency provides technical assistance to landowners; and 

• The state monitors water quality to support adaptive management and document water 
quality improvements. 

The EPA, USDA, and state section 319 agencies have made increasingly concerted efforts to 
coordinate as USDA implements geographically targeted initiatives in the Chesapeake Bay, 
Mississippi River Basin, Gulf of Mexico and elsewhere. 

The EPA and USDA also coordinate via the Mississippi River/Gulf of Mexico Watershed 
Nutrient (Hypoxia) Task Force and the Great Lakes Restoration Initiative to support state efforts 
to develop and implement comprehensive nutrient management strategies for agricultural 
nonpoint source pollution. 

The EPA believes the USDA-EPA partnership should continue and be strengthened. 

6. l>o you think a nutrient-trading program would be an effective way to manage and 
reduce nutrient pollution? Why or why not'? 

Yes. The EPA supports nutrient trading and offsets as a tool to protect water quality standards 
and meet water quality-based eJHuent limitations. EPA and other Federal agencies believe 
nutrient credit trading can be an important part of reducing nutrient pollution and achieving 
water quality goals in a cost-effective way. In 2003, the EPA issued a policy on nutrient trading, 
followed up by a toolkit in 2007. Nutrient trading has proven to be an effective way to manage 
~nd reduce nutrient pollution in such states as Connecticut, Virginia, and North Carolina. 

Ihc EPA also included trading and offsets as a tool to manage nutrient pollution in the 
Chesapeake Bay TMDL, issued in 20 I 0. EPA and our Federal partners would support efforts to 
implement inter-jurisdictional, intra-basin trading of nutrient credits that is conducted consistent 
with the Clean Water Act and the trading-related definitions, clements and safeguards in 
1\ppcndix S of EPA's Chesapeake Bay Total Maximum Daily Load (TMDL). 
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Senator .lames lulwfc 

l. Your March 16,2011, nutrient management "framework" memo states that EJ>A will 
be flexible and encourage state innovation in dealing with nutrient pollution. You 
indicate that a one-size-fits-all solution is neither desirable nor necessary. Yet states feel 
EPA has been inflexible in pushing only for the adoption of numerical nutrient criteria 
and has been resistant to the measured approaches proposed by se\•eral state and 
interstate agencies. Please describe where your flexibility exists in this approach. 

The EPA recognizes the lead role provided to states by the Clean Water Act for adopting and 
implementing water quality standards. Decisions about water quality standards are primarily 
made by states, subject to review by the EPA to ensure that the standards comply with the Clean 
Water Act and its implementing regulations. The March 16th Framework Memo provides the 
EPA's recommendations for an effective framework to address nutrient pollution. We believe 
that the recommendations provide a helpful Jl·amework that may be tailored to particular state 
circumstances, taking into account existing tools and innovative approaches, available resources, 
and the need to engage all sectors and parties in developing strategies to address nutrient 
pollution. In the Memo, the EPA encourages states to work with stakeholders to develop a state 
nutrient reduction strategy, recognizing the importance of ongoing activities and the innovative 
ideas that are working to reduce nutrients. The Framework Memo recommends state adoption of 
numeric nutrient criteria on a reasonable timeframe, which the EPA believes will better enable 
states to ef1ectively protect local and downstream waters fi·om nitrogen and phosphorus 
pollution. However, the Framework Memo is guidance only, and states may adopt alternate 
approaches for addressing nutrient pollution as long as they are consistent with the requirements 
of the Clean Water Act. The EPA stands ready to work with States to tailor a nutrient reduction 
approach to particular state circumstances. 

The EPA recognizes that states need flexibility to develop creative and cost-effective solutions to 
addressing nitrogen and phosphorus pollution, and that a one-size-fits-all solution is neither 
desirable nor necessary. There is a large range of implementation tools for nutrient criteria that 
are available to states, including variances, site specific alternative criteria, compliance schedule 
provisions, nutrient trading, and revised designated uses provisions, which provide flexibility to 
implement nutrient criteria in an effective and cost-effective manner. 

2. During the hearing, the second panel discussed using a combination of standards to 
evaluate the health ofwaterbodies. For example, numeric criteria and nnrrative 
standards are used together to assess nutrient levels in waterbodies bused on a cause 
and effect relationship. 

a. Do you agree that this can be an effective way to measure the health of 
waterbodies and, specifically, using numeric nutrient criterin in concert with 
narrative standards? 

b. What is your scientific basis for insisting on independently applicable numeric 
standards? 

The EPA has not insisted upon or mandated that States adopt independently applicable numeric 
nutrient criteria. The EPA has recommended that states adopt numeric criteria because we 



75 

VerDate Aug 31 2005 09:17 Jun 02, 2017 Jkt 000000 PO 00000 Frm 00081 Fmt 6633 Sfmt 6633 S:\_EPW\DOCS\24963.TXT VERNE 24
96

3.
06

0

believe this provides an effective basis for implementing programs to protect water quality form 
nutrient discharges. As discussed above, the EPA believes that there is ample Hexibility in the 
Clean Water Act to support a variety of effective and cost-effective implementation approaches 
for both numeric and non-numeric criteria. However, we believe numeric criteria can facilitate 
more etlective program implementation, provide greater efflciency than site-specific application 
of narrative criteria, and provide a clearer target lor water quality improvement. The EPA 
continues to recognize that states have primary responsibility for the development and 
implementation of their water quality standards, and stands ready to work with States to tailor a 
nutrient reduction approach to particular stale circumstances. 

The EPA believes that a variety of approaches should be used when evaluating water quality data 
and determining the ultimate health of a waterbody in order to most effectively restore and 
maintain the chemical, physical, and biological integrity of the nation's waters. With respect to 
narrative criteria, the EPA agrees that narrative nutrient criteria can effectively be used in 
combination with quantitative biocriteria to assess existing water quality in a way that accounts 
for both ncar-field, as well as far-tield downstTcam impacts. In this regard, the Oftice of Water 
has just completed an extensive overview of biological assessment methodologies including 16 
case studies of impressive state work in this area. As the primer indicates, "[i]t is EPA's long 
standing policy that biological assessments should be fully integrated in slate and Tribal water 
quality programs." 

With regard to the EPA's independent applicability policy, it is based on the premise that any 
valid, representative dataset indicating an actual or projected water quality impainnent should 
not be ignored when one is determining the appropriate action to be taken. The policy was 
developed more than 20 years ago and has been peer reviewed. The EPA recognizes that there 
are circumstances when conHicting results should be investigated further before an attainment or 
nonattainment decision is made. The intent of this policy is to protect against dismissing valuable 
information when evaluating aquatic life use attainment, particularly in detecting impairment. 

Particularly with respect to nutrients, it is important to emphasize that this policy does not 
preclude states from adopting a scientifically defensible approach for developing nutrient criteria 
that recognizes the interrelationship between nitrogen and phosphorous in causing waterbody 
impairment. The EPA recommends the integration of numeric nutrient criteria with quantitative 
biometric criteria and will continue to work with states on the use of a multiple lines of evidence 
approach in applying nutrient criteria that is preventive, pmtective of downstream water quality 
standards, and scientifically delensible. 

3. Recently, the Scientific and Technical Advisory Committee (STAC) to the Chesapeake 
Bay Program came out with a report that criticized the Limno-Tech comparison 
between the assumptions in EPA's TMDL about agriculture and the NRCS CEAI' 
report on agricultural impacts on the Chesapeake Bay. The Committee's primary 
disagreement with Lim no-Tech was the conclusion that the TMDL should be delayed 
until data issues were resolved. After recalculating El' A's numbers to usc 2005 data, the 
Committee determined that the differences between the CEAI' estimates and EPA's 
estimates of nitrogen and sediment coming from agriculture were IS'Yo and 29'X•, 



76 

VerDate Aug 31 2005 09:17 Jun 02, 2017 Jkt 000000 PO 00000 Frm 00082 Fmt 6633 Sfmt 6633 S:\_EPW\DOCS\24963.TXT VERNE 24
96

3.
06

1

respectively. ST AC has told EPA that they need to address, or at least admit, the 
uncertainties in the TMBL models in this report, the 2008 peer review and in the ST AC 
review of the new land use data from last November. 

a. How will EPA respond to this concern about the uncertainties in the TMI)L? 
b. Will EPA address the differences between the CEAP data and EPA data? If so, 

how? 
c. Since EPA isn't planning to amend the TMBL until 2017, the allocations in the 

TMI)L are frozen, you are asking states to make an investment of over $40 
billion. Is a 29%. margin of error that you might be making the investment in the 
wrong places acceptable? 

d. How docs EPA plan to compensate for investments that arc made in the wrong 
places as a result ofthe 15-29% uncertainty? 

ST A C' s review committee criticized the report prepared by Lim no Tech for the Agricultural 
Nutrient Policy Council for having poor scientific merit, promoting false criteria for models, 
using selective interpretation of the CEAP report, and having errors in the interpretation of the 
models and results. In response to an October 8 letter to the editor of the Washington Post by the 
President ofihe American Farm Bureau, STAC posted a response on its web site stating that it 
would not be legitimate to interpret the percentage differences between the CEAP and 
Chesapeake Bay Program Partnership's models as a margin of e!1'or for either model. 

The STAC borrowed heavily fi·om a 2007 National Research Council report entitled M(>dels in 
Environmental Regulatory Decision Making in asserting that models, by their nature, are 
uncertain but necessary for effective decision making. ST AC stated that "measures of 
uncertainty are intrinsically ret1ected in the margin of safety for the TMDL, and thus imprecision 
is acknowledged to be present both in the models and in the statement of the TMDL", and further 
that "[a]daptive management (not delay or inaction) is the proper response to uncertainty in 
knowledge, including differences between models". 

Despite being built for two diHerent purposes, the CBP Watershed Model and the CEAP model 
are in agreement in tenus of relative nutrient loads lhnn agricultural lands at the large basin seale 
and the additional management actions that are needed. Although the CEAP model was not built 
to be a TMDL model, it provides some valuable information that will help enrich the CBP 
Watershed Model. 

The EPA and USDA have been collaborating on the CEAP report since its inception and 
conducted preliminary model results comparisons in the summer of 20 I 0, before the CEAP 
report or the LimnoTech report were complete. On June 28,2011, USDA and EPA developed 
the USDA and EPA Chesapeake Data Collaboration Workplanthat maps out a plan lor our 
continued collaboration. Implementation of this workplan will further ret!ne our accounting of 
agricultural conservation practices throughout the Bay watershed, bolster the scientific 
defensibility of the benefits of agricultural conservation practices, and improve consistency of 
data used in our agencies' respective decision support tools. In their review, STAC commended 
the EPA and USDA for this collaborative workplan. 
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The Bay jurisdictions are creating plans to implement controls by 2017 that are intended to reach 
60% of the TMDL goal. At that point a re-evaluation will be performed to make appropriate 
mid-course corrections. It is unlikely that a jurisdiction will over-control for nutrients and 
sediment during the interceding period. 

4. Last October, El' A issued a contract to Tetra Tech to help with nutrient issues. Task 7 
of Tetra Tech Task Order is called "Scientific Study and Modeling for Mississippi 
River and Gulf of Mexico Nutrient Criteria Development." Under this task, Tetra Tech 
is to develop a model by November of this year and establish numeric nutrient 
concentrations by April 2012. This committee bas expressed concerns that this is an 
extremely large task, undertaken in an incredibly short amount oftime and likely to 
result in high amounts of uncertainty. 

a. What is the status of this work? 
b. Will it be used to develop a TMDL for the Northern Gulf of Mexico? 
c. Will it be used to develop a TMDL for the Mississippi River Basin? 
d. What will EPA do to ensure that numeric concentrations in the Tetra Tech 

model do not face the same criticisms that the Chesapeake Bay TMDL bas come 
under? 

The EPA is currently in the process of having a work plan developed for this task, and the 
aforementioned dates were best-case-scenario deadlines. After the work plan has been 
developed, the EPA intends to submit the plan to an independent scientific peer review. 

The task is intended to assist states that wish to use it in the development of numeric nutrient 
criteria. It is not intended to be used to develop a TMDL for the northern Gulf of Mexico or the 
Mississippi River Basin. 

5. EPA has added 3 segments of the Northern Gulf of Mexico to the State of Louisiana's 
list of impaired waters because they have low dissolved oxygen, likely as a result of 
uutricnts. 

a. Will EPA develop a TMDL for these waters if the state does not? 
b. Since the State of Louisiana docs not have the authority to control pollution 

from outside the state's boundaries, does EPA's action mean that EPA is taking 
the first steps to a multi-state federal TMDL, affecting the entire Mississippi 
River Basin? 

The EPA has no plans to establish a TMDL lor the three Louisiana coastal segments that the 
EPA added to Louisiana's 2008 Clean Water Act Section303(d) list and has proposed to add to 
Louisiana's 2010 Section 303(d) list. Once waters are added to Louisiana's Clean Water Acl 
Section 303( d) list of impaired waters, development of a Total Maximum Daily I ,oad (TMDL) is 
required pursuant to Section 303(d)(l)(C) ofthe Clean Water Act. Consistent with the 
complementary Federal-State roles outlined in the Clean Water Act, the State of Louisiana will 
take the lead in developing TMDLs for these segments. The EPA stands ready to assist 
Louisiana in its TMDL development, and has the obligation to review and approve (or 
disapprove) each TMDL when developed by the State and submitted to the EPA. 
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'Ibe EPA's action to add these segments to Louisiana's Clean Water Act Section 303(d) list of 
impaired waters also does not mean that the EPA is taking the first steps to a multi-slate federal 
TMDL We recognize the need to work collahoratively with states, other partners and 
stakeholders to account for all sources of nutrients that potentially cause or contribute to 
waterbody impairment and make stronger, near-term, and local progress on reducing nitrogen 
and phosphorus pollution in the Mississippi River Basin while states continue to develop their 
numeric nutrient criteria. Actions such as numeric or narrative criteria development may 
accelerate TMDL development for nutrients in all states potentially linked to the Mississippi 
River basin, whereas it may take many years of scientific and programmatic work to develop a 
TMDL for such a large area of the country. Under the Clean Water Act, states have a 
responsibility to protect the quality of downstream waters, and this must be accounted for in the 
development of state TMDLs, 

6. On April 22, 201 l, the Florida Department of Environmental Protection (DEP) filed a 
petition with EPA asking the federal agency to withdraw its .January 14,2009, 
determination that numeric nutrient criteria are necessary in Florida, to repeal EJ>A's 
existing rule, and "discontinue proposing or promulgating further numeric nutrient 
criteria in Florida." DEI' requested EPA to respond within 30 days of the date of the 
petition, but EJ>A has only given an "initial response." By what date will you give 
Florida a yes or no answer? 

The EPA expects to hold the petition in abeyance pending the results of Florida DEP's 
rulemaking process. The EPA has been encouraged by the progress that Florida has made thus 
far. The EPA noted in a November 2, 2011 letter to Florida that its preliminary evaluation of the 
State's October 24, 2011 version of the draft rule leads the EPA to the preliminary conclusion 
that EPA would be able to approve, if finalized, the October 24, 20 II version of the draft rule 
under the Clean Water AcL Should EPA formally approve FDEP's final nutTient criteria as 
consistent with the CWA, the EPA would initiate rulemaking to withdraw Federal numeric 
nutrient criteria lor any waters covered by the new and approved state water quality standards. 15 

7. At the hearing, you noted the widespread disparities in cost estimates of 
implementation for Florida's numeric nutrient criteria were due in part to how 
variances were estimated. 

a. Why has EPA calculated a compliance cost projection that assumes widespread 
variances and exceptions from your Florida nutrient criteria rule? 

"On February 18,2012, Judge Robert L Hinkle of the U.S, District Court Jbr the Northern District of Florida 
(Tallahassee Division) issued an Order on the Merits in Florida Wildlife Federation, eta/, v. Johnson, Consolidated 
Case No, 4:08cv324-Rl!IWCS. The Court upheld the EPA's 2009 determination that new or revised standards for 
nutrients in the form of numeric nutrient criteria were necessary in Florida, and upheld the EPA •s rule setting 
numeric nutrient criteria for Florida in all respects except for the stream criteria and default downstream protection 
criteria for unimpaired lakes. The Com1 modified the existing consent decree to require the Administrator to sign 
for publication proposed rules setting numeric nutrient criteria for streams and default downstream protceti<>n values 
for unimpaired lakes by May 21, 2012, or to sign for publication final rules setting numeric nutrient criteria for 
streams and deJiwlt downstream protection values for unimpaired lakes by May 21, 2012. Note that for downstream 
protection values for unimpaired lakes, the EPA is not subject to either May 21, 2012 deadline if by that date the 
EPA has filed a notice that it has decided not to propose or adopt such criteria. together with an explanation of the 
decision. 
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b. If EPA believes that these numeric standards are necessary for the health of 
Florida waters, then how, for· the purpose of determining the economic impact, 
can EPA assume that regulated entities in Florida will not have to comply with 
the standards? 

The EPA analyzed the costs that could result fi'om implementing the federal numeric nutrient 
criteria for lakes and flowing waters in the state based on how Florida currently implements its 
water quality standards program. To avoid expensive technology requirements, the EPA believes 
Florida would likely implement cost-effective strategies that may include reuse, site-specific 
alternative criteria, variances, and designated use modifications. 

There are no requirements in EPA-issued criteria for how reductions of nutrients would be made 
for any specific source of nutrients. States have flexibility to determine how best to achieve 
water quality standards in the most cost-effective manner. They may modify designated uses, 
issue variances, allow compliance schedules, and/or determine waste load allocations and load 
allocations when developing total maximum daily loads. 

Several tools are available to states that ofl:er flexibility: variances, permit compliance schedules, 
revisions to designated uses based on a use attainability analysis, and adoption of site-specific 
criteria. Variances are available to states in situations where water quality standards cannot be 
met immediately, but where the state believes that the standard ultimately can be attained. 
Variances are temporary, subject to review every three years, and may be extended upon 
expiration. Generally, variances are an appropriate tool to consider where it can be demonstrated 
that it is not feasible to attain the designated use during the term of the proposed variance based 
on one or more of the factors specified in 40 CFR Section 131.1 O(g), such as substantial and 
widespread economic and social impacts. The variance requires the EPA's review and approval 
before it becomes effective for Clean Water Act purposes (40 CFR Section 13!.21(c)). A 
variance temporarily establishes a less stringent water quality standard that can be met with the 
expectation that the discharger make feasible progress toward protecting the designated use. The 
EPA's inclusion of variances in its costing assumptions Jor the Florida Phase I nutrient standards 
reflect its judgment that usc of such variances would generally meet the requirements of the 
Clean Water Act and be supportable in the context of implementation of the standards. 

The EPA recognizes that states need flexibility to develop creative and cost-effective solutions to 
addressing nitrogen and phosphorus pollution, and that a one-size-iits-all solution is neither 
desirable nor necessary. If states develop numeric nutrient criteria, there are a large range of 
implementation tools, including variances and designated uses, available to states, which provide 
adequate flexibility to implement numeric nutrient criteria. 

In January 2009 the EPA determined that numeric standards are necessary to protect state 
designated uses for the State of Florida's waters. As noted above, the EPA is not implementing 
numeric nutrient criteria for Florida. After the numeric nutrient water quality standards become 
eflective, implementation will be phased in as water quality assessments are completed and 
impaired waters are identified; total maximum daily loads arc calculated and implemented; and 
NPDES permits are renewed. In each of these processes, there are opportunities for public 
participation and further scientific and technical analysis. As an authorized state, the FDEP has 
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the primary responsibility of setting priorities and carrying out these actions with oversight and 
assistance from the EPA. 

A recent dratl economic analysis by Florida State University on behalf of the FDEP suggests that 
implementing numeric nutrient criteria for both Florida inland waters and some estuarine regions 
on the same criteria values that were reflected in EPA's inland water rule will cost, on balance, 
less than earlier estimates provided by FDEP. 16 On the subject of projected costs, the EPA has 
requested that the National Academy of Sciences assemble a committee of recognized expe11s to 
review the Agency's economic analyses as well as consider the basis for alternative estimates. 
That review is underway. 

For its economic analysis of the Florida Phase 2 Nutrient Standards Rule, the EPA is carefully 
considering the feedback it has received on the economic analysis for the Phase l rule. The EPA 
will address the issues raised in these public comments in preparing its draft analysis for the 
Phase 2 rule and request public comment. 

8. In April20IO, .EPA's Science Advisory Board (SAB) reviewed .EPA's nutrient criteria 
development guidance memo and criticized .EI'A's statistical nutrient criteria 
development methods because the methods were not based on cause and effect 
•·elationships between nutrients and biological harm. In .January 2010, .EPA admitted 
that its proposed rivers and streams standards for Florida were based on statistical 
assumptions, not cause and effect relationships. 

a. Why did .EPA usc scientific methods for its Florida nutrient criteria rule that 
have been criticized by the SAB? 

b. Couldn't many of the concerns regarding .EPA's scientific methods be put to rest 
if .EPA subjected these specific criteria to an independent scientific peer review 
between now and March 2012 when the criteria are set to be finalized? 

c. Will you commit to a scientific review, yes or no? 
d. Will you be updating your framework memo to address the SABs concerns? 

Why or why not? 

The Science Advisory Board (SAB) reviewed the EPA's draft technical support document for 
states to use when deriving numeric nutrient criteria using stressor-response relationships, 
Empirical Approachesfiw Numeric Nutrient Criteria Development. Stressor-response 
relationships ru·e one of three general approaches that the EPA recommends for states to use 
when deriving numeric nutrient criteria. The EPA had previously published peer-reviewed 
general guidance documents that outline these three approaches. The SAB reviewed a 
supplemental technical support document that provided more detail on use of stressor-response 
relationships. The SAB determined that the "stressor-response approach is a legitimate, 
scientifically based method for developing numeric nutrient criteria if the approach is 
appropriately applied." The SAB's criticisms were not directed to the approach itself, but rather 
to the detail provided in the technical support document to assist states in the use of this 
approach. The EPA revised this document to address the SAB's concerns; namely, to present a 
more "complete and balanced view of using statistical methods to develop the criteria ... to 
make the document more useful to stale and tribal water quality scientists and resource 

10 hllp://static-lobbytoob.s3.amazonaws.com/press/20 11120620 111206)inal._ draft.}mccosl_analysis.pdf 
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managers." This revised technical support document, Using Stressor-re.11Jonse Relationships to 
Derive Numeric Nutrient Criteria (EP A-820-S-l 0-00 l ), was released in final form in November 
2010. When establishing numeric nutrient criteria for Florida's lakes, the EPA utilized the 
stressor-response approach in an appropriate application in an approach that is consistent with 
the SAB's comments. 

The EPA subjected the numeric nutrient criteria technical analysis to an independent scientific 
peer review prior to the rule being t!nalized in December 20 I 0. The result of the peer review that 
was conducted in the summer of2009 (final report was submitted on September 8, 2009) and the 
EPA's response to the peer review comments is part of the administrative record for that rule. 

The March l 6, 2011, framework memo does not specify how to derive numeric nutrient criteria. 
It merely recommends that states establish a work plan and phased schedule for developing 
nitmgen and phosphorus criteria for classes of waters (e.g., lakes and reservoirs, or rivers and 
streams). 

9. Some areas of the country have extensively modified streams and rivers, which were 
channelized into concrete-lined flood control channels. 

a. Should nutrients in concrete-line flood control channels be regulated the same 
way as natural streams? 

b. How should nutrient criteria for these altered habitats (warmer water 
temperature, no reproducing population of fish and poor general habitat) be 
different than the criteria for more natural streams? 

The Clean Water Act provides states with flexibility in terms of setting water quality standards 
for their waterbodics, whether those waterhodies arc extensively modified or pristine. Water 
quality critelia, such as numeric nutrient criteria, are only one part of water quality standards. 
The other two parts are designated uses and antidegradation requirements . As defined by the 
Clem1 Water Act and the implementing regulations, water quality standards "shall consist of the 
designated uses of the navigable waters involved and the water quality criteria tor such waters 
based upon such uses." CWA Section 303(c)(2)(A). In turn, water quality criteria "protect the 
designated usc. Such criteria must be based on sound scientific rationale and must contain 
sufficient pm·ameters or constituents to protect the designated use" ( 40 CFR 131.11 ). 

Based on the characteristic of each waterbody, states set designated uses for that waterbody, 
consistent with the Clean Water Act and implementing regulations. States must then ensure that 
water quality criteria are set to protect tl1is designated use. 
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Senator David Vittc1· 
l. Has tlte EPA d011e a11y sort of a11 estimate to determi11e !tow much it will cost producers to 
comply with the Sec. 308 request that was smt to OMB ill eady August? 

The EPA described burden and costs of the proposed rule in the Impact Analysis chapter of the 
preamble to its October 21, 2011 proposed rule. The proposed rule would not alter existing 
NPDES technical requirements for CAFOs, and therefore the cost impacts to CAFOs from the 
rulemaking are limited to the information collection burden it would impose. The EPA 
estimated this burden as part of the assessment of the administrative burden impacts that the 
Agency is required to complete under the Paperwork Reduction Act (PRA). The EPA submitted 
this analysis for review by the OfJke of Management and Budget (OMB) as stipulated in the 
PRA. We have enclosed a copy of this analysis along with our response to your letter. 

As a starting point for estimating the reporting burden faced by CAFOs under the proposed rule, 
the EPA examined its PRA analyses as approved by OMB for the 2003 and 2008 CAFO rules. 
For these analyses, the EPA had already accounted for the time CAFOs would require to 
document any nutrient management practices pursuant to these rules. These analyses had also 
estimated that those CAFOs applying for Nl'DES permit coverage under these rules would incur 
a nine-hour administrative burden to complete and file NPDES permit applications or notices of 
intent to be covered by a general NPDES permit. This nine-hour estimate includes the effort to 
report and calculate a variety of detailed information relevant to the CAFO, including estimates 
of quantities of different waste types generated and transferred, type and capacity of waste 
storage and containment structures, and manure uses and land application best management 
practices at the facility. 

In light of this prior estimate of nine hours to complete a full NPDES CAFO permit application, 
the EPA estimated that CAFOs would incur an hour of labor to answer the more basic questions 
under discussion for the reporting rule. Permitted facilities would have the information on hand 
as part of the permit application itself. Unpermitted facilities were also a~sumed to have the 
requested information readily on hand as a result of having assessed whether or not they need to 
apply Jor a permit and then ensuring that their facility continues to operate as a CAFO that does 
not discharge, including whether the operation has adequate land available if the operation land 
applies manure, litter, and process wastewater. Therefore, all CAFOs should have the five items 
proposed in the reporting rule readily available. 

The EPA then combined the estimates of numbers ofCAFOs that would be required to respond 
to the information collection request in the proposed rule with the estimates of the reporting 
burden under the proposed rule. EPA thus projected that CAFO operators would collectively 
experience an increase in total annual administrative burden of approximately $200,000 on a 
national basis, or $29.30 per facility. 

In addition, as part of the required analysis under the Regulatory Flexibility Act, the EPA 
compared the administrative costs that would be incurred by CAFOs under the proposed rule to 
the existing compliance burden ofNPDES CAFO regulations. The Agency concluded that the 
increment in annualized compliance costs would be signilleantly less than one percent of 
estimated annual sales for any of the affected entities. 
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2. Do you believe that EPA has overstepped its authority under the CW A in sending the 
308 request to all CAFOs, instead of just those that have discharged? It seems to me, based 
on the 5u' Circuit's recent ruling that your authority over livestock operations ends with 
point sources, which the court determined were only those operations that have actually 
discharged. Is requiring il!formation from more titan that categ01y of operations beyond 
EPA's fauthorityf? 

The EPA has interpreted the definition of "point source" as encompassing all CAPOs since the 
1970s. 

The f'ifth Circuit Court decision in National Pork Producers Council v. EPA (NPPC v. EPA) 
does not address CWA § 308 Information Collection Authority. NPPC v. EPA vacated EPA's 
2008 regulation requiring CAFOs that "propose to discharge" obtain NPDES permits. The 
vacated permit requirement for CAFOs that propose to discharge was based on CWA §§ 301 and 
402 (which prohibit actual discharges without a permit), as well as§ 308. EPA's broad 
information collection authority under § 308 was neither challenged nor addressed in the 
decision. 

The EPA proposes to gather infonnation fi'01n CAFOs pursuant to its authority in CW A section 
308 to collect information. Section 308 authorizes inl()rmation collection from "point sources," 
which includes CAFOs that discharge or may discharge. 33 U.S.C 1318(a); 1362(14)(the term 
"point source" is deHned as "any discernible, confined, and discrete conveyance, including ... 
any ... concentrated animal feeding operation ... from which pollutants are or may he 
discharged ... "). The plain language of section 308 authorizes information collection to carry 
out the objectives of the Act, specifically including assisting in developing, implementing, and 
enforcing effiuent limitations or standards, such as the prohibition against discharging without a 
permit. 33 O.S.C. 1318(a). 

Site-specific information is critical for enabling the EPA and authorized States to provide well­
informed NPDES program direction (including issuance of regulations, policy and guidance 
documents), to provide oversight and enforcement of the NPDES program for CAPOs, to infmm 
Congress and the puhlie about environmental and human health impacts of CAFOs, and to better 
ensure protection of human health and the environment. The information the EPA proposes to 
collect is limited to basic information about CAPOs, and the EPA proposed two options for 
defining the universe of facilities from which this information would be collected. The first 
proposed option would enable the EPA, slates, and others to dete1mine the number of CAFOs in 
the United States and where they are located. The second proposed option would gather this 
intormation only tor CAFOs in focus watersheds where there are greater water quality concerns 
associated with CAFOs. Under either option, this information would assist the EPA in 
developing, implementing, and enforcing the requirements of the Act. 

3. There are many food security issues relating to this request, which will put all CAFO 
operations locations on the internet. Has Homeland Security at any juncture raised issues 
with tltis? Isn't the agriculture industry consideretl one oftlte seven "critical infrastructures" 
for Homeland Security? /<rom a national security standpoint wouill you think that posting on 
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a national website the location of all of these operations that produce a large portion of our 
food put that "critical infrastructure" at risk? Does EPA ever do any analysis on food security 
issues prior to taking an action? 

Section 308 of the Clean Water Act requires all information that the EPA collects to be available 
to the public, except information that it dete1mines, according to its existing confidentiality 
regulations, is confidential business information. There is an extensive amount of CAFO 
facility-specific location information already available on the Internet fi·om certain State 
permitting progl'ams that provide the facility's name, city, animal numbers, and maps with 
location data on individual CAFOs. However, as noted above, the EPA believes that additional 
site-specific information is critical for enabling the RP A and authorized States to effectively 
administer their NPDES programs. In its proposed CAFO reporting rule, EPA seeks comment 
on what data might be considered confidential. 

To address potential privacy and security-related concerns, the EPA changed the proposed 
survey form during inter-agency review to allow CAFO owners or operators the option of 
providing either their contact information or that of an authorized representative. In addition, the 
EPA also proposed allowing CAFO owners or operators the choice of providing the street 
address of the CAFO production area as an alternative to its latitude and longitude. Finally, the 
EPA sought comment on additional alternatives to submission of the latitude and longitude that 
would provide general information on a facility's location but not specific coordinates. For 
example, the EPA requested comment on the possibility of requesting the name of the nearest 
waterbody to the CAFO, based on local knowledge or US Geological Survey topographical 
maps. The EPA also requested comment on using other systems, such as the Public Land Survey 
System (PLSS) (i.e. township, range and county information) to identify the location of a 
CAFO's production area; or requesting a business address in lieu of the production area location. 

In the EPA's.proposed information collection rule, the Agency has specifically requested 
comment on privacy or biosecurity concerns, on appropriate ways to address those concerns, and 
on appropriate formats or venues through which to make collected information available to the 
public. Making inJormation available to the public does not necessarily mean that all information 
is made available via the internet, and the EPA's proposed rule does not suggest that we plan to 
do so. The EPA also requested comment on whether the requirement to make any information 
collected pursuant to section 308 available to the public (except confidential business 
information) should factor into its determination about what information, if any, to collect from 
CAFOs. The EPA plans a robust review of all comments submitted during the public notice and 
comment period, including concerns related to homeland security, and will evaluate all concerns 
raised in developing its final action. 
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Senator CARDIN. Thank you very much for your testimony. 
Mr. White. 

STATEMENT OF DAVE WHITE, CHIEF, NATURAL RESOURCES 
CONSERVATION SERVICE, U.S. DEPARTMENT OF AGRI-
CULTURE 

Mr. WHITE. Greetings. It is a great honor to be here, and I thank 
you all very much for having me. 

My colleagues have given an overview of the issue and the 
science. I would like you to think of the United States, picture the 
map, just the coterminous United States, the lower 48. Seventy 
percent of that land is owned by private individuals. And we be-
lieve, or I believe, that you can do anything you want with the Fed-
eral land, State land, county land, city land, the health of our envi-
ronment, the fate of our environment rests in the hands of our pri-
vate landowners, the men and women who own and operate that 
land. 

And that’s who NRCS primarily works with. We have a lot of 
programs, you guys are very gracious in the funding that you have 
provided through the Farm Bill. And I will visit with you some on 
how we are implementing those. 

But just this last Fiscal Year we concluded last Friday, we were 
able, if you look at our five biggest cost share programs, to enter 
into 55,000 contracts with farmers and ranchers across this Coun-
try, many of them focused exclusively on water quality. At the 
same time, we had 26,000 unfunded applications. So we have like 
a 50 percent backlog.+ 

So if anyone ever questions the desire, the commitment of our 
farmers and ranchers to do what is right for the environment, to 
care about wildlife and the air and the water we drink, just let 
them talk to me. Because I feel their commitment is especially 
strong. 

I will visit with you a little bit about the Conservation Effects 
and Assessment Project. I was loaned to Senator Lugar in the 2002 
Farm Bill. There is a little provision in there that said, USDA, we 
want you to look at all these conservation practices you guys are 
putting on, and you tell us, are they working, are they not working. 
If they are not working, tell us what we ought to be doing. 

So this CEAP project began in 2003. We are looking at 12 water-
shed basins, we will do one national report. Two of them are re-
leased, two are in the process, there are eight in the queue line. 
We are looking, we are finding out some results right now. One is, 
conservation works. If it was not for the conservation that was al-
ready applied on our land, depending on whether it is nitrogen, 
phosphorus, sediment, the problem would be somewhere, 30, 40, 
50, 60 percent worse than it is now. So I am asking you to consider 
that the glass is half full. 

The second thing we have learned is that there is more to be 
done. This mirrors what my colleagues are saying. Subsurface ni-
trogen has been identified as the biggest problem in three of the 
reports that we are ready with. In Ohio and Tennessee, it looks 
like phosphorus might be the one. That one is still under peer re-
view. But without question, subsurface nitrogen and the nutrients 
are the big issues. 
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Three, we know that systems works better. Bill talked about that 
in his testimony, about how you have to match the practice to the 
landscape. And if you don’t, you can actually exacerbate a problem 
if you don’t really think through and put the right mix of practices 
there. 

And the fourth thing we have learned is that targeting or focus-
ing a resource really works. If we pick the right acre and treat a 
high impact acre, we can have 20 times the impact of treating a 
lower priority acre. 

So that is great. The CEAP is wonderful, it has given us a lot 
of information. We are using it to inform our programs. But it is 
just a model. It is not a person, it is not a farmer, it is not going 
to design a system or anything like that. 

So let me visit with you a little bit about how we are using it. 
We are targeting our Resources to identify specific problems. Sen-
ator Sessions, we are looking at the Mississippi River, the 13 
States, to try to do something about hypoxia in the Gulf of Mexico. 
We have 43 sub-watersheds that I didn’t identify. We are talking 
about national and local. These were identified by local people, 
where nutrient loadings are the biggest issue. They use the spar-
row model and EPA data to identify them. We have spent $95 mil-
lion over the last 2 years on nutrient management, trying to help 
that. 

Senator Cardin, you know about the Chesapeake Bay and the 
amount of funding. I believe that you and some of your former col-
leagues were responsible for a little provision in the 2008 Farm Bill 
called the Chesapeake Bay Watershed Initiative. We are trying to 
faithfully do that. We put $126 million extra in there in the last 
2 years, and it is highly focused, highly targeted to helping the 
Bay. 

We are trying to leverage our funds. We took $20 million this 
year and entered into agreements with State agencies and private 
entities to expand our technical assistance. 

I just brought this book, just as an illustration. This is one engi-
neering plan for one confined animal feeding operation in Montana. 
This is the amount of technical work that has to go into it. If you 
want to look at the design criteria for the side pressure walls, the 
drainage system, the gutter design, it is all here. Men and women 
are who have to do this thing, so we are trying to leverage our 
funds so we can expand those Resources. 

This year, in two of our programs, we have enrolled 25 million 
acres. That is three times the size of Maryland. 

And just one more thing before I summarize, Ms. Stoner men-
tioned Grand Lakes St. Mary’s in Ohio. We are not unaware of 
these issues. Since 2006, we have put $8 million into Grand Lake 
St. Mary’s Ohio to try to deal with the nutrient issue. This year 
we also funded a conservation innovation grant that is going to be 
used in green energy. We are going to turn that manure into en-
ergy. 

In conclusion, I would say that we certainly believe that ag is a 
preferred land use across our landscape. This is the land where our 
food comes from, our fiber. It is so important for the future, not 
just for us, but for those little Americans who come after us. 
Thanks. 

VerDate Aug 31 2005 09:17 Jun 02, 2017 Jkt 000000 PO 00000 Frm 00092 Fmt 6633 Sfmt 6633 S:\_EPW\DOCS\24963.TXT VERNE



87 

[The prepared statement of Mr. White follows:] 
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October 4, 2011 

Good morning, Chairman Cardin, Ranking Member Sessions, and other 
members of the Subcommittee. I am pleased that you have given me the 
opportunity to describe the impressive actions USDA and its customers are 
voluntarily taking to improve water quality through conservation measures 
applied on agriculture lands. Our efforts are carried out with the understanding 
that how landowners manage their lands will help determine the fate of our 
nation's waters. 

Established as the Soil Erosion Service, and later the Soil Conservation Service, 
our Agency's initial focus was on addressing soil erosion on America's cropland. 
Through science-based conservation planning and a voluntary incentives 
approach, great strides have been made in protecting our soil resource base. 
The conservation technology adopted by American agriculture has prevented 
disasters like the Dustbowl of the 1930's. As the Natural Resources Conservation 
Service, our Agency's focus has broadened to look across the landscape 
managed by our clients. Today, NRCS' conservation planning looks across all 
land uses and addresses environmental challenges in a more holistic, integrated 
manner. NRCS' technical assistance model allows our programs and planning 
services to focus on the environmental concerns of the region or watershed and 
to meet the objectives of our clients. 

It is clear that the loss of nutrients and other pollutants to our waterways is a 
significant concern in many parts of the Nation. We have made strides toward 
addressing these concerns as evidenced by information I will give you today. 

The NRCS conservation portfolio contains a broad mix of programs aimed at 
conservation technical assistance, environmental improvement, stewardship, 
easements, water resources, and snow and soil surveys. Research has shown 
that the conservation investments, designed by Congress and implemented by 
USDA, benefit farmers, ranchers and private forest landowners as well as all 
Americans - by helping secure a high quality environment in concert with food 
security for our nation and the world. 
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Conservation Effects Assessment Project 

Over the past several years, NRCS has taken the lead within USDA to estimate 
the effectiveness of the Department's conservation efforts. The Conservation 
Effects Assessment Project, or CEAP, is a multi-agency effort to estimate the 
environmental effects of conservation practices and to develop the science basis 
for managing the agricultural landscape. In simple terms, CEAP simulates the 
impacts of conservation on the landscape and provides a path forward on how to 
improve implementation of USDA conservation programs and policies. 

One of the major thrusts of CEAP has been a series of studies on the effects of 
conservation practices on cropland in reducing the movement of sediment and 
nutrients from farm fields into rivers and streams. We have released the first 
three regional reports in this series-on the Upper Mississippi River Basin, the 
Chesapeake Bay Region, and the Great Lakes Region. We have two more 
reports coming out on the Ohio-Tennessee River Basin, and the Missouri River 
Basin. We have plans to complete reports on other major river basins and water 
resource regions in the conterminous United States. 

The CEAP cropland reports are based on farmer surveys on actual farming 
activities and conservation practices applied. These surveys were conducted by 
USDA's National Agricultural Statistics Service from 2003 through 2006. We 
then correlated the survey information with soils and climate information from the 
National Resources Inventory (NRI) sample points and statistically expanded 
these data to represent all cropland in the watershed. Finally, we fed the 
combined information into a natural resource assessment model and then 
eventually into a watershed model to simulate downstream outcomes of 
producers' activities. The models simulate environmental conditions allowing 
USDA to simulate the cumulative effect of conservation practices in terms of-

• First, reductions in losses of sediment, nutrients, and pesticides from 
fields; 

• Second, enhancement of soil quality through increases in soil organic 
carbon; and 

• Third, reductions in delivery of sediment, nutrients, and pesticides to 
rivers and streams. 

The simulations provide estimates of the effects of conservation practices in 
place on the landscape and also help us determine treatment needs on cropped 
acres and assess further potential gains from additional conservation treatments. 
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A follow-up landowner survey will be conducted this coming winter and spring in 
the Chesapeake Bay Watershed. It will use approximately twice as many NRI 
sample points as were used in the 2003 to 2006 survey. It will provide statistical 
reliability of our estimates at a smaller sub watershed scale, and it will also 
assess the adoption of winter cover crop use on farmland, particularly in 
Maryland, since 2006. 

The CEAP-Cropland assessment includes all conservation practices applied on 
the land-including those associated with federal conservation programs, 
supported by the states and non-governmental organizations, and those resulting 
from the actions of individual landowners and farm operators. 

Conservation practices on cropland have been effective. Our CEAP studies 
show that sediment and nutrient losses from farm fields are lower than they 
would have been if conservation practices were not in use on those lands. 
Farmers' adoption of conservation practices has been especially effective in 
reducing erosion, sedimentation and nutrient movement from fields to waterways. 

Agriculture has a disproportionate impact on the loss of sediment, pesticides, and 
nutrients from farm fields and subsequent loadings of these materials to local 
waterways. Agriculture is an intensive land use, and these environmental 
disturbances are a byproduct of the food, feed, fiber, and renewable energy that 
agricultural lands produce. However, I do not in any way suggest that agriculture 
cannot and should not do a better job. The water quality improvements we have 
experienced need to be the foundation for even greater gains in the future, and 
CEAP is helping us define our effectiveness and identify critical focus areas. 
Some themes are beginning to emerge from the CEAP-Cropland studies. I will 
draw upon findings from the first four regions in this series to illustrate what we 
have discovered in terms of sediment and nutrient loadings. The findings can be 
summarized as follows: 

1. Agricultural conservation practices are achieving results. 

Most cropland has structural and/or management practices in place to control 
erosion. In all four regions, some combination of these practices is in use on 94 
percent or more of the cropped acres. Permanent structural practices, such as 
terraces, are in use in on up to 72 percent of highly erodible cropland acres that 
would otherwise be vulnerable to high rates of erosion. It should be noted here 
that the need for structural practices varies widely from region to region: For 
example, some 44 percent of the cropped acres in the Chesapeake Bay 
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Watershed are highly erodible land, compared to only 17 percent in the Great 
Lakes Watershed. In addition to the structural practices, reduced tillage is used in 
some form on more than 80 percent of the cropland in the regions we have 
studied so far, and in some regions reduced tillage is used on an even higher 
percentage of cropland. 

Adoption of conservation practices has been especially effective in reducing 
erosion and sedimentation. In the four regions, computer simulations show that, 
compared to conditions that we would expect if conservation practices were not 
in place-

• reductions in field-level sediment losses ranged from 47 to 61 percent, 
• reductions in surface losses of nitrogen ranged from 35 to 45 percent, 
• reductions in subsurface nitrogen losses ranged from 9 to 31 percent, and 
• reductions in total phosphorus losses ranged from 33 to 44 percent. 

2. Despite the gains, we have opportunities to make more progress. 

The CEAP-Cropland studies have shown us that in most places our focus when 
working with farmers has to be on nutrient management. In three of the four 
regions-all but Ohio-Tennessee-the loss of soluble nitrogen in subsurface 
flows is the single most critical agricultural conservation concern. To some 
extent, our success in reducing erosion has worked against us because by 
keeping water on the field we are encouraging increased infiltration of water into 
the soil. That water carries soluble nutrients into the soil, especially nitrogen, and 
most of that soluble nitrogen eventually works its way through subsurface 
pathways into tile drains, ditches, streams, and rivers. 

More can be done to reduce nitrogen losses through complete and consistent 
nutrient management. This means that we need to consider the rate, form, 
timing, and method of application. In some regions, as many as 62 percent of 
cropped acres need some additional nutrient management to address losses of 
nitrogen through subsurface pathways. However, with respect to surface losses 
of nitrogen, acres needing treatment range only as high as 29 percent of the 
cropped acres. This includes improved management of manure applications, 
especially the timing of applications, to ensure that the nutrients in the manure 
are available to the crops when they need them. 
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3. Suites of conservation practices are needed to manage complex loss 
pathways. 

A system of conservation practices that includes soil erosion control and 

consistent nutrient management is required to address sedimentation and loss of 
nitrogen through leaching and associated loss pathways. These systems should 

include a site specific prescription involving conversion to no-till, installation of 

field buffers, changes to the crop rotation including the addition of cover crops, 
and improved nutrient management. 

4. Targeting the most critical acres delivers the largest benefits. 

A number of factors amplify the potential for nutrients and sediment to move from 

farm fields, including inherent vulnerability factors such as soils prone to leaching 

or runoff and high precipitation levels. Targeting those acres with inherent 
vulnerability factors is likely to deliver the largest benefit. Treating cropped acres 

with high vulnerability factors can have twice the impact in terms of conservation 

benefits as treating the acres with low or moderate vulnerability factors. In some 

areas, the potential conservation benefits of targeting vulnerable acres are even 

greater. 

In the Chesapeake Bay Watershed, significant progress in conservation adoption 

has been made since the completion of the last phase of the CEAP farmer 

survey, particularly with respect to cover crop use. Since 2006, implementation 
of cover crops in the watershed has increased, particularly where state programs 

have supported the use of cover crops. When used properly, cover crops protect 
the soil from erosion during the winter months, take up nutrients remaining in the 

soil, and release plant-available nutrients slowly over the subsequent cropping 
period, thereby reducing nutrient leaching and runoff during the non-growing 
season. 

Beyond establishing a baseline of conservation programs and highlighting 
continued areas for improvement for the agricultural sector, CEAP has the 
potential to be a key tool for improving the effectiveness of our programs. NRCS 

is using CEAP findings to inform and improve our program implementation 

process and direct our conservation dollars to benefit water quality as follows: 

1. Improved targeting. NRCS has established a number of initiatives that I 

will highlight later and improved its tools to direct its funding to address 
lands with the highest priority resource needs. For example we are 
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working to incorporate soil vulnerability information into more of our 
targeting efforts. 

2. Suites of practices. The foundation for any suite of practices used to 
address nutrients will begin with the NRCS Nutrient Management practice 
standard. NRCS is revising our Nutrient Management practice standard 
making it more comprehensive and innovative. We are expanding the 
fertilizer industry's "4R's" mantra - of using the Right Source at the Right 
Time in the Right Place at the Right Rate by continuing to promote this 
sound approach with new and innovative technologies like precision 
agriculture. 

3. Improved treatment of soluble nutrients. We have established a team of 
experts and are working closely with partner entities to increase the 
adoption of agriculture drainage water management (these are practices 
that hold drainage water in the soil over the winter to allow denitrification 
as well as reduce subsurface losses of nitrogen during the winter) in a 
focused approach in critical watersheds. The adoption of these 
conservation practices alone can reduce the outflow of nitrates from 
subsurface drainage systems by as much as 60 percent. 

4. Monitoring. We developed a new practice standard for edge of field water 
quality monitoring to assess impacts of conservation practices. This 
standard was developed in consultation with our partners to ensure our 
data collection efforts are consistent and meaningful. Additionally, we 
hired objective science advisors from the academic community to conduct 
certain monitoring efforts. 

5. Precision agriculture. Precision agriculture or precision farming is a 
farming management concept that recognizes and responds to variations 
within a field. It relies on new technologies like use of satellite imagery 
and sophisticated farming equipment that allows for the application of the 
right amount of nutrients exactly where they are needed. Farmers can 
locate their exact position in a field through Global Positioning Systems 
(GPS) and apply site-specific nutrients avoiding potential over-application 
in other parts of the field. NRCS has been providing financial incentives 
across the nation to interested producers through our Environmental 
Quality Incentives Program (EQIP) for a number of years. 

6. Exploring opportunities. NRCS is exploring innovative approaches to 
address natural resource needs through potential opportunities for 
environmental markets. 
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Geographic Initiatives 

The CEAP findings support the manner in which we are implementing our water 
quality program initiatives in priority geographic areas. I will give you some 
highlights of our efforts in these areas: 

MISSISSIPPI RIVER BASIN HEAL THY WATERSHEDS INITIATIVE (MRBI) 
was implemented to improve the health of the Mississippi River Basin. This 
Initiative builds on the past efforts of producers, NRCS, partners, and other State 
and Federal agencies. NRCS and its partners are helping producers in selected 
watersheds voluntarily implement conservation practices and systems that avoid, 
control, and trap nutrient runoff; improve wildlife habitat; and maintain agricultural 
productivity. NRCS used Environmental Protection Agency (EPA) and U.S. 
Geological Survey (USGS) data and CEAP findings as part of the suite of 
screening tools to identify high priority areas in which to implement MRBI. 

MRBI includes a monitoring and evaluation approach designed to assess 
environmental outcomes at the edge-of-field, in-stream, and at the watershed 
level. An interagency monitoring strategy is currently being proposed that would 
enable federal, state and NGO partners to participate in a multidimensional water 
quality monitoring effort. The data gathered through this effort would help us 
develop better adaptive management approaches at the field scale and more 
accurate modeling capabilities at much larger geographic hydrologic unit scales. 
While there are a number of factors impacting the nutrient loads into the Gulf of 
Mexico, NRCS conservation efforts with private landowners contribute 
significantly to reducing nutrient loading in the Mississippi River Basin and 
ultimately to the Gulf of Mexico. 

CHESAPEAKE BAY WATERSHED INITIATIVE (CBWI) was authorized through 
the 2008 Farm Bill. The initiative was authorized to receive $188 million between 
FY 2009 and FY 2012. We are working with Federal and State partners to 
prioritize assistance to cropland where implementation of practices will have the 
greatest water quality benefits. NRCS used its own data and data from the EPA 
Chesapeake Bay Program Office, USGS, and the University of Maryland to 
determine where to direct the CBWI funding. This information was used to locate 
agricultural areas with high nutrient yields to the Chesapeake Bay and nutrient­
related local impairments. NRCS will continue to look to sound science, local 
leadership, and partnerships to help us direct our resources to areas where they 
can do the most good and produce the largest benefits for water quality. 
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In addition, we are helping to restore the Chesapeake Bay through the 
establishment of three "Showcase Watersheds,"- one each in Maryland, 
Pennsylvania, and Virginia. The concept behind the Showcase Watersheds is to 
demonstrate what can be accomplished by bringing together dedicated people, 
sound science and funding to solve natural resource problems in a priority area. 

There is a strong demand for CBWI funding for projects in the Chesapeake Bay 
area. As of September 21, 2011 (FY11 ), we have developed 1, 706 contracts 
with CBWI funds. Yet, we have more than 560 unfunded applications requesting 
CBWI funds. 

USDA is working with EPA and States on a certainty framework that would 
encourage farmers to implement a suite of voluntary conservation activities that 
reduce impacts on water quality. States would develop programs that can 
provide assurances that the farmers' activities are consistent with State plans to 
improve water quality, such as the objectives of a State's TMDL Watershed 
Implementation Plan (WIP). 

WEST MAUl CORAL REEF INITIATIVE (WM-CRI) is designed to control land­
based pollution threats to coral reefs in the Ka'anapali-Kahekili watershed of 
Hawaii. The health of living coral reefs is dependent upon superior water quality 
and clarity allowing effective sunlight penetration. The primary threats to this 
watershed include sediment deposition, nutrients, and other pollutants which are 
transported in surface water runoff and groundwater seepage into coastal waters. 
NRCS is working with agricultural producers and other non-federal land 
managers to address soil erosion and soil health, water quality and conservation, 
air quality, healthy plants, energy conservation, global warming issues, and 
upland and wetland wildlife habitat enhancement. 

The goals of this initiative are: 1) to reduce pollution to improve coastal water 
quality and coral reef ecosystem health; 2) to improve coordination between 
federal and state agencies, land managers and marine scientists; 3) to improve 
knowledge of how land management affects coral reef health; and 4) to increase 
awareness about water quality, pollution prevention, and control measures. 

GREAT LAKES RESTORATION INITIATIVE (GLRI) targets the most significant 
environmental problems in the Great Lakes Basin. These problems include toxic 
substances and areas of concern, invasive aquatic and terrestrial species, near­
shore and non-point source pollution, and habitat and wildlife protection and 
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restoration. NRCS worked with EPA to identify priority watersheds for nonpoint 
source pollution reduction. 

In FY2011, NRCS received over 600 applications for assistance under GLRI and 
currently has obligated over 390 contracts totaling over $18.7 million under the 
reimbursable agreement with EPA. Most of the contracts focus on reducing 
nutrient and sediment loads from private lands, combating invasive species, and 
improving wildlife habitat. 

CEAP-Wildlife Findings 

While we are on the subject of CEAP, I want to emphasize that CEAP is more 
than a series of cropland studies. CEAP also has components for analyzing 
grazing lands, including rangeland and pastureland; wetlands; and wildlife 
habitat. There are also CEAP studies at the watershed scale to validate broader 
scale findings. 

A number of the CEAP-Wildlife studies have been released, but I would like to 
emphasize one that was carried out in Montana, where I worked for several 
years and which Senator Baucus represents. In this study, the response of wild 
trout to reach-scale stream improvement from 1989 to 2009 was examined 
primarily on private ranchlands in Montana's Blackfoot River Basin. Population 
densities were estimated to examine the response of native and non-native trout 
to conservation practices on 17 streams. 

Three years after restoration treatment, total trout density increased 59 percent 
from pre-treatment conditions. In fact, trout densities approached those of 
relatively undisturbed reference streams. Improvements in most streams were 
followed by increasing and sustained trends in total trout density. 

Stream restoration efforts have resulted in the expansion of native fish 
populations, including the west-slope cutthroat trout, across several tributaries 
and within the main stem of the lower Blackfoot River. This particular trout 
species is important because it is a candidate for listing under the Endangered 
Species Act. 

Other examples where we are using a landscape level approach to addressing 
resource concerns include NRCS wildlife initiatives: 
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MIGRATORY BIRD HABITAT INITIATIVE (MBHI) 

The Migratory Bird Habitat Initiative (MBHI) has proven to be very successful in 
providing critical habitat in a way that also provides significant water quality 

benefits. In response to the Deepwater Horizon oil spill in the Gulf of Mexico last 
year, NRCS quickly launched the MBHI to help landowners develop alternative 
habitats for migrating and wintering waterbirds. NRCS worked with owners and 

operators of private croplands, catfish ponds and Wetlands Reserve Program 
easements throughout the Mississippi Alluvial Valley and Gulf Coast regions and 
NRCS provided assistance developing shallow water and mudflat habitats to 
make moist soil, plant seeds and tubers, waste grain and invertebrate foods 
available. In the wake of the oil spill and during the severe drought conditions 
along the Gulf Coast in 2010, landowner response to the initiative was 
overwhelming, with over 470,000 acres enrolled. NRCS was able to assist 

private landowners with providing wetland habitat at a critical time in Alabama, 
Arkansas, Florida, Georgia, Louisiana, Mississippi, Missouri, and Texas. The 

enrolled lands were heavily used by migrating waterfowl and shorebirds. The 
MBHI also helped mitigate some of the damage caused by the oil spill, as well as 
combat drought conditions and decades of wetland losses in the area. 

NRCS initiated a three-year effort with partners, including Mississippi State 
University, to determine the initiative's effectiveness through monitoring the 

number and species of birds which utilize the habitat created. 

Preliminary estimates reveal that the enrolled acres provided up to 36 percent of 
the food energy needs of the over 9 million ducks that winter in this area. 
MBHI is also very cost-effective. For example, the $5.2 million MBHI expenditure 
in southwest Louisiana resulted in a calculated 475.7 million duck-energy days, 
or about 1 cent per duck-energy day. A duck energy day is the amount of food 
energy needed to sustain an average sized duck for one day. For comparison, 
the estimated cost of feeding an average-sized duck a commercial maintenance 
diet in captivity is about 4 cents per day, which is nearly 4 times greater than the 
estimated cost of a duck-energy day delivered through MBHL 

MBHI is demonstrating the potential for agricultural lands to remain productive 

while simultaneously providing needed habitat for wildlife. As a result, NRCS is 
extending the initiative north to improve migratory bird habitat in nesting areas. 

Other examples where we adopted a landscape level approach to addressing 
wildlife issues in a manner that also provides significant water quality benefits 

include: 
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NORTHERN PLAINS MIGRATORY BIRD HABITAT INITIATIVE (NP-MBHI) 

NRCS has a longstanding commitment to supporting wildlife in the Prairie 
Pothole Region and throughout the rest of the US. In 2011, NRCS implemented 
the Northern Plains Migratory Bird Habitat Initiative (NPMBHl) through its working 
lands conservation programs. This collaborative effort aims at restoring working 
lands to wetlands; managing farmed wetlands to minimize impacts on wildlife and 
water quality; and, maintaining existing wetlands. In addition to providing habitat, 
improvements to the region's wetlands will reduce the nutrients and sediment in 
the waters of the initiative area. 

The initiative covers approximately 100,000 square miles, including portions of 
Iowa, Minnesota, Montana, North Dakota, and South Dakota. The region 
supports more than 50 percent of North America's migratory waterfowl, and over 
300 bird species rely on the region during migrations. 

NEW ENGLAND-NEW YORK FORESTRY INITIATIVE 

The forests of New England and New York cover 52 million acres, including the 
largest intact block of temperate broad leaf forest in the country. The forests are 
the backbone of the rural economies providing a sustainable source of renewable 
energy, forest products, tourism, outdoor recreational opportunities, and clean 
water. 

The New England/ New York Forestry Initiative has allowed seven states 
(Connecticut, Maine, Massachusetts, New Hampshire, New York, Pennsylvania, 
Rhode Island, and Vermont) to undertake a regional approach to address forest 
ecosystem health. 

Strategic Watershed Actions Teams (SWAT) funded through the initiative will 
dramatically increase protection and restoration of forests and provide water 
quality benefits. For example, in Vermont, it is estimated that the teams will 
increase forest management plan development and implementation, increase 
habitat for upland species, and reduce soil erosion by 41,000 tons over the next 
3 years, decreasing the sediment and phosphorus reaching Lake Champlain by 
29,000 tons and 39,000 pounds, respectively. 

Summary 

There is a sense among the agricultural community that these are uncertain 
times for farmers. The public is increasingly interested in knowing the results of 
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our program expenditures. Our CEAP effort will help us target program funds to 
the places and the practices that have the greatest impact on nutrient and 
sediment loadings to waters, as well as addressing other natural resource 
concerns. With assistance from key partners in critical watersheds, we have 
developed new approaches, such as Strategic Watershed Action Teams, that we 
believe will engage additional producers to accelerate conservation adoption on 
private lands. Through new planning tools, we will integrate the technology 
developed through CEAP at the farm level to help clients understand the 
conservation benefits from recommended practices and make science-based 
decisions. In addition, USDA is actively working with EPA and the states to 
explore a framework for engaging producers in conservation activities while 
providing regulatory certainty to producers. With our resources, the resources of 
our partners, and the resources of producers themselves all leveraged toward 
improving water quality, USDA sees the agricultural community as taking a 
proactive approach to addressing water quality issues of this nation. 

I appreciate the invitation to be here today and I am happy to answer any 
questions. 
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Senate Committee on Environment and Public Works 

Hearing on Nutrient Pollution: An Overview of Nutrient Reduction Approaches 

October 4, 2011 

USDA Response to Questions for the Hearing Record 

Questions from Senator Benjamin Cardin: 

1. We heard testimony at the hearing on how agriculture is a significant contributor to the 

nutrient pollution problem. Additionally, non-point source pollution is challenging to address 

because the agricultural sector contributes a substantial proportion of the overall nutrient 

pollution. What are some of the things that USDA is doing to mitigate nutrient pollution from 

agriculture? 

USDA's Conservation Effects Assessment Project (CEAP) Chesapeake Bay study, released in 

2010, evaluated the impact of agricultural conservation practices on cropland in the Chesapeake 

Bay watershed. The study found that farmers are reducing nutrient and sediment runoff 

through the use of voluntary, site-specific conservation practices. For example, the study found 

that conservation practices on the ground have reduced surface nitrogen runoff by 42 percent 

(when compared to a baseline of no conservation practices applied). CEAP also found that 

almost 90 percent offarmers in the Bay watershed are using some form of reduced tillage, a 

remarkable finding. These findings are similar in other large watersheds that CEAP has covered. 

That being said, cultivated cropland contributes disproportionately to sediment and nutrient 

pollution in the Bay. Although cultivated cropland makes up only about 10 percent of the land 

area of the watershed, the study estimated that it contributes 22 percent of the sediment, 31 

percent of the nitrogen, and 28 percent of the phosphorus to the Bay. The CEAP study 

concluded that that ample opportunity exists to reduce sediment and nutrient losses from 

cultivated cropland. Cultivated cropland, however, is neither the only nor the largest contributor 

of these materials to the Bay. Simulating runoff from non-cropland and incorporating point 

source data provided by the Environmental Protection Agency (EPA), the Natural Resources 

Conservation Service (NRCS) estimates that urban land, which makes up 8 percent of the 
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watershed area, contributes 40 percent of the sediment, 38 percent of the nitrogen, and 50 

percent of the phosphorus to the Bay. All sectors have a critical role to play in achieving 

pollution reductions that will produce a healthy Chesapeake Bay. 

CEAP also highlights that opportunities exist to further reduce sediment and nutrient losses 

from cropland. In particular, stemming subsurface nitrogen losses remains our biggest 

challenge in many places around the country. Following are examples of recent steps NRCS is 

taking to help producers reduce losses of sediments and nutrients from farm fields: 

Targeting-in the Chesapeake Bay, Great Lakes, and the Mississippi River Basin, NRCS has 

developed water quality initiatives to target funding to those places and practices where it 

will do the most to help reduce nutrient and sediment pollution. 

Strategic Watershed Action Teams-in fiscal year 2011, NRCS dedicated $20 million for 

Strategic Watershed Action Teams (SWATs), composed of technical experts that work in 

NRCS initiative areas. NRCS was able to leverage the $20 million with matching 

contributions from nongovernmental, State and local partners. These teams are charged 

with helping accelerate conservation adoption in places where additional technical 

assistance can have a significant impact on water quality improvement. 

• Nutrient Management Standard Revision-NRCS has revised its 590 Nutrient Management 

conservation practice standard to emphasize the importance of coordinating conservation 

practices designed to avoid, control, and trap nutrients before they leave the field. The 

standard reinforces the fertilizer industry's "4Rs" approach to nutrient application planning. 

That is, nitrogen and phosphorus need to be applied in the right amount, from the right 

source, at the right time, using the right method of application to minimize the risk of 

nutrient losses to local water. As CEAP shows, if any one of the 4R factors is not followed, 

then the risk of nutrient loss may increase and nutrient use efficiency may decrease. The 

revised standard also incorporates adaptive nutrient management for the first time. 

Phosphorous Risk Assessment Tools-NRCS has revised its nutrient management policy to 

encourage states to improve their phosphorus risk assessment tools and to help standardize 

the interpretation of tool results across jurisdictional boundaries. That is, similar levels of 

risk should stimulate similar treatment strategies across state boundaries or in different 

watersheds. 
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Agricultural Certainty-NRC$ is working with EPA to support a number of States in 

encouraging the development of Agricultural Certainty programs. These programs would 

encourage producers to implement voluntary conservation practices in exchange for 

assurances that, for a reasonable, fixed period of time, these actions will be recognized as 

consistent with state plans to improve water quality. NRCS believes such programs could 

help accelerate conservation adoption in critical watersheds. 

• Water Quality Trading-USDA is supporting the development of water quality trading 

markets in the Chesapeake Bay and Ohio River watersheds. Such markets could bring new 

sources of investment into agricultural conservation. 

Conservation Innovation Grants-NRC$ continues to invest in new technologies and 

approaches to nutrient management and sediment control, including manure-to-energy and 

precision agriculture technologies. 

There is no silver bullet to mitigating nutrient and sediment losses from farms. USDA and its partners 

are working in countless ways on the issue, from traditional sediment control and nutrient management 

strategies, to new approaches throughout the country. Our investment in edge-of-field monitoring and 

modeling efforts like CEAP will help us validate the effects of these efforts in the years to come. 

2. There is interest in new tools and options for addressing nutrient pollution from agriculture. 

One such potential tool is the idea of nutrient credit trading. I introduced one such approach 

last year as a component of legislation to improve water quality in the Chesapeake Bay. Do 

you think a nutrient-trading program would be an effective way to manage and reduce 

nutrient pollution? Why or why not? 

USDA supports the idea of nutrient credit trading as an important and cost-effective tool for 

achieving water quality goals in the Chesapeake Bay and is coordinating with the jurisdictions 

and our federal partners to advance this approach. Some recent studies of the costs of meeting 

TMDL allocations in the Chesapeake Bay Basin indicate that reducing nutrient loss from 

agriculture is less expensive than achieving the same reductions through storm water 

management or other technological improvements from point sources. A recent study by the 

World Resources Institute (WRI) found that a Bay wide nutrient trading program could reduce 

nutrient removal costs in the waste water treatment sector by as much as 69 percent. From a 
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markets perspective, EPA's development of a TMDL for the Bay is a positive advance, as it 

provides the missing link of a nutrient cap, essential for the formation of a market. 

There are a number of conditions that need to be met in order for nutrient credit trading 

markets to be effective. Among these are the development of an infrastructure to match buyers 

and sellers, ensuring an adequate supply and demand for trading, defining the unit of the credit 

being traded and quantifying its impact on targeted water bodies are key conditions, and the 

coordination of state and federal policies and programs. 

The uncertainty surrounding the measurable reductions in nutrients achieved through changes 

in agricultural practices and land management reduces the potential supply of credits and the 

savings that can be achieved through trading. That is why USDA is developing metrics and 

reporting tools, such as the Nutrient Tracking Tool, to quantify the reduction in nutrient loss 

achieved through changes in agricultural management and land use. 

USDA wants to help build a more transparent credit market that facilitates participation in 

trading. Through a Conservation Innovation Grant with WRI, NRCS is supporting development of 

a Chesapeake Bay-wide nutrient credit trading platform. WRI is working with the States in the 

region and with USDA to create a suite of web-based tools used to facilitate nutrient credit 

trading. 

While progress is being made in establishing nutrient credit trading as a cost-effective tool, 

challenges remain, such as addressing differences among current state trading programs, 

questions of liability when nutrient-reducing activities of non point source providers fall below 

expected reductions, and tracking and monitoring nutrient reductions. With experience and on­

going adjustments to supporting hydrologic models and nutrient trading programs, these 

challenges should be overcome over time. 

In several States that are developing nutrient credit trading markets, USDA is encouraging the 

development of Agricultural Certainty programs. Agricultural certainty programs, by 

establishing a baseline of conservation activity for producers, may help reduce transaction costs 

and eliminate other barriers to the successful deployment of nutrient credit trading markets. 
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3. You were very optimistic last spring when you testified to the House Agriculture Committee 

on nutrient management in the Chesapeake region. Do you continue to have confidence that 

the public-private partnership in restoring water quality in the Chesapeake Bay can be 

successful? 

Yes. Monitoring data tells us that we are on the right track and that our efforts to reduce 

pollution are making a difference. A study by Johns Hopkins University and the University of 

Maryland Center for Environmental Science (UMCES) found that mid- to late-summer dead­

zones in the Bay have decreased since the 1980s, reflecting the regional partnership efforts to 

reduce nutrient losses. 

Restoration of water quality in the Chesapeake Bay will not occur without a concerted effort 

across all sectors and interests. At USDA, we work closely with federal agencies, state and local 

governments, nonprofit organizations, universities, and of course, private landowners to 

collectively take steps forward in improving water quality in the Bay watershed. Agricultural 

producers have made great strides in improving water quality, and it is one of the few sectors 

that has consistently reduced nutrient and sediment loads since 1985. We know that Bay 

watershed farmers can do more, and USDA's conservation partnership has the tools and 

incentives to help. 

4. You have provided us with data about your findings regarding farming's contribution to 

nutrient pollution. Do you believe nutrient pollution, based on your data, is a problem that 

the federal government should continue working to address? 

Yes. USDA agrees that addressing nutrient pollution will require dedicated efforts by all parties, 

including the federal government, States, farmers, municipalities, and others. The federal 

government has an important role to play in Chesapeake Bay restoration as the watershed 

spans six States, two of which border the Bay. Multi-State natural resource issues, require a 

coordinated approach. USDA works closely with the many partners in the watershed to find 
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solutions to nutrient pollution challenges, and it is not a stretch to say that USDA agencies are 

woven into the fabric of addressing the nutrient pollution challenge in the Bay watershed. 

Within the Chesapeake Bay, USDA is working collectively with other federal agencies under 

Executive Order 13508 to improve the health of the Chesapeake Bay. The Executive Order has 

granted occasion for the relevant federal agencies to assess their own Chesapeake Bay activities 

and look for opportunities to gain efficiencies and new approaches through working with other 

agencies. USDA remains committed to this ongoing collaboration across the federal 

government. 

5. How have USDA and EPA worked together in controlling nutrient pollution? Should these two 

agencies continue to collaborate? 

USDA has been collaborating with EPA on nutrient issues for well over a decade, and is 

committed to working with EPA and with the Bay states to help ensure that farmers can 

continue producing food and fiber while improving the health of the Bay. Executive Order 

13508 directed federal agencies to develop a federal strategy for restoring the Chesapeake Bay. 

Released in May 2010, the strategy outlines how USDA, EPA, and other federal partners will 

work together improve Bay water quality. Below are a number of ways that USDA and EPA are 

working together in the Chesapeake Bay watershed: 

USDA used nutrient and sediment data from EPA and U.S. Geological Survey (among 

other sources) to help identify priority watersheds used for targeting funding through 

the Chesapeake Bay Watershed Initiative. 

• USDA and EPA are working with a number of stakeholders to develop a system of 

accounting for conservation practices implemented by farmers without financial 

assistance from federal or state sources. 

• USDA and EPA developed a workplan that outlines opportunities for collaboration on 

modeling the agricultural sector in the 8ay watershed. 

USDA and EPA are working with Bay States in support of development of Agricultural 

Certainty programs. 
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USDA and EPA, along with other federal agencies, are supporting States as they work to 

create the infrastructure for ecosystem services markets. 

Executive Order 13508 reaffirmed EPA as the lead federal Agency for Chesapeake Bay 

restoration efforts. USDA will continue to collaborate with EPA and other federal and state 

partners to improve water quality in the Bay watershed where our policy and programmatic 

goals and priorities overlap. 

Questions from Senator James lnhofe: 

6. Do you stand by the NRCS CEAP report on agricultural impacts on the Chesapeake Bay? Do 

you believe it is accurate? 

Yes. The study design, data, and modeling have produced results that are appropriate for 

decision making pertaining to conservation program design and implementation at the national 

and regional scales, including the Chesapeake Bay Basin. 

Conclusions drawn from CEAP reports are generally limited to large basins {4-digit Hydrologic 

Unit Code regions, such as the Susquehanna and Potomac River watersheds). Specifically, the 

CEAP study shows that most cropped acres in the Chesapeake Bay watershed are under-treated 

relative to their potential for runoff or leaching. Because of the statistical design and farmer 

survey sample size, the CEAP report does not attempt to assess conservation treatment needs 

for small, local areas. However, a variety of tools, such as the revised universal soil loss equation 

{RUSLE) and phosphorus and leaching indexes, are available to assist in guiding farm-scale 

conservation planning to address treatment needs. Through the Conservation Delivery 

Streamlining Initiative {CDSI) NRCS will incorporate tools and models into the Field Office 

conservation planning applications to improve planning and emphasis on natural resource 

benefits. 

7. The Scientific and Technical Advisory Committee to the Chesapeake Bay Program has agreed 

that a model cannot be used to make precise allocations in a TMOL, and "no TMOL has or will 

ever likely obtain such accuracy, and most watershed modelers would concur that such a goal 
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is folly." The Committee also said, "The acres of conventional tilled acres versus conservation 

tilled acres vary considerably between the two reports and this concern is legitimate." Are 

these issues-the inability to use a model to make individual allocations and the discrepancy in 

the number of acres in conservation tillage true? Considering these statements, how can NRCS 

help EPA target the most cost effective measures to reduce nutrient loadings to the Bay? How 

can the CEAP data be used to help agriculture make further progress in the Bay, if the 

allocations are locked in by the TMDL? 

The strength of CEAP sampling and modeling is in defining the extent to which the use of 

conservation practices can reduce the loads delivered to rivers and streams within the 

Chesapeake Bay watershed without changing the mix of crops grown or the extent of cropped 

acres. CEAP modeling can identify the type of acres that are most in need oftreatment to 

increase the efficiency of conservation program implementation in the region. It can also 

estimate the reductions in sediment and nutrient losses that we would expect to occur if we 

were to target additional conservation treatment where it is needed most. 

USDA's CEAP Model and EPA's Bay Watershed Model were built for different purposes and use 

different modeling platforms. It is no surprise that their outputs contain differences, and 

making direct comparisons between the two is technically difficult. In looking at the two 

models, however, both USDA and EPA agree that reconciling some notable discrepancies, such 

as the amount of cropland acres under conservation tillage, would strengthen the Bay Model. 

To that end,. USDA and EPA developed a workplan on Chesapeake Bay watershed modeling 

collaboration. The workplan describes how USDA and EPA will share information and 

techniques to strengthen modeling of the agricultural sector in the Bay watershed. 

8. Did EPA use the Chesapeake Bay TMDL to direct who needs to reduce nutrients, and how 

those reductions are to happen, instead of just identifying the total maximum daily loads that 

can enter the Bay? How is this restricting NRCS's ability to work creatively with states and 

local governments in achieving the goals of the TMDL? 

The development and implementation of the Chesapeake BayTMDl, including the role of the 

Chesapeake Bay jurisdictions in determining sector allocations and strategies for reducing 
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nutrients, is best described by EPA. The Chesapeake Bay TMDL has not hampered USDA's ability 

to work with States and local governments to reduce farm level nutrient and sediment loadings 

in the Bay watershed. In fiscal year 2009, long before the TMDL was released, NRCS embarked 

on an effort to target its Chesapeake Bay Watershed Initiative (CBWI) Farm Bill funding to 

priority watersheds, those areas where additional conservation treatment would yield the 

greatest benefit. We worked closely with states and local conservation districts to identify these 

priority watersheds. later, as the Bay States began developing their TMDL Watershed 

Implementation Plans (WIPs), we engaged with the States to ensure that, to the extent possible, 

we are aligning our Farm Bill program funding and technical assistance with State WIPs. In 2010, 

USDA in collaboration with Maryland, Pennsylvania, and Virginia identified Showcase 

watersheds to demonstrate new methods for accelerating conservation implementation. 

9. How resource intensive is developing a scientifically sound conservation plan for a farm? 

NRCS conservation planners work closely with the client to identify natural resource problems 

and opportunities that may exist on a farm and determine the clients' objectives for the 

conservation plan. Planners spend time on the farm to inventory all land uses for soil, water, 

air, plant and animal resource concerns. Planners use published soil, topographic, hydrologic 

and other natural resource information available for the farm to determine where problems 

may exist. Tools and models are then used to determine the extent of potential losses of soil 

and farm inputs due to erosion, runoff, and leaching as well as taking into account other 

resource concerns such as improvement of wildlife habitat air quality, and energy conservation. 

The client provides information for the farm, such as crop yield, management practices and 

inputs that are used in the analysis. Based on the resource concerns identified during the 

inventory and analysis phase, planners formulate alternatives, and works with the clients to 

select the best alternative based on the client's objectives. This selected alternative forms the 

basis for the conservation plan and includes conservation practices the client can implement to 

address the resource concerns identified in the plan. 

Time spent in developing a conservation plan can vary based on several factors such as 

operation size, land use, number of fields, management complexity, and type of operation. A 

more complex Comprehensive Nutrient Management Plan can be developed for an animal 
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feeding operation if that is identified as a need in the conservation plan. These plans are more 

resource intensive because they plan for the storage, manipulation, treatment, and allocation of 

manure and other nutrients to farm fields in accordance with a nutrient management plan. 

Questions from Senator David Vitter: 

10. Have you heard from the livestock industry on the proposed changes? What are their 

concerns and are those concerns valid based on the proposed standard? 

Yes, in response to publishing the draft Conservation Practice Standard (CPS) 590, nutrient 

management, in the Federal Register many responses were received from livestock industry 

advocates, and private beef and dairy producers. Many felt the draft was too restrictive 

regarding how manure nutrients can be allocated to agricultural fields. By far, the major 

concern raised was the banning of manure application to frozen, snow covered or saturated 

fields. Of lesser, but significant concern was the proposal to ban manure applications when soil 

nutrient concentrations exceeded 10 times the concentration needed to successfully grow the 

planned crops. In the course of revising the draft rule for final publication, NRCS has addressed a 

number of the concerns raised by the livestock industry. 

Many nonpoint source nutrient problems can be addressed by doing a better job with nutrient 

management on a field-by-field basis. Conservation Effects Assessment Project (CEAP) studies in 

the Upper Mississippi, Chesapeake Bay, and Great lakes regions clearly indicate the need to 

coordinate conservation practices in an effort to avoid, control or trap nutrients before they 

leave the field. The revised standard provides fair and reasonable criteria for protecting water 

quality while addressing issues important to both grower and conservation communities. 

11. Can you address the following concerns that have been raised by those in the cattle business: 

a) Forbid Manure Application on Soils with lOX Soil Test Phosphorus Level: It is inappropriate to 

impose an arbitrary cutoff level for soil phosphorus. Instead, states should be encouraged to 

implement effective risk-based assessments for P. The P Index provides this assessment by 

evaluating scientifically the source and transport issues for each field. A lOX soil test P level is 
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arbitrary and not correlated to water quality concerns since it is only a source-based 

threshold, and does not address transport potential. 

The lOX paragraph was removed from the standard in favor of site-specific phosphorus risk 

assessment tools. These state-based tools are typically developed and maintained by the local 

land grant university and they make use of local soil, climate and industry type data. The revised 

standard gives states some flexibility in determining when a risk assessment is required and 

when exceptions to the requirement are allowed. 

b) Forbid Manure Application on Soils with lOX Soil Test Potassium Level: Potassium is abundant 

in many soils across the US. Where manure has been applied, soil is likely to exceed lOX. 

The lOX paragraph has been removed from the standard. Because potassium is more a feed 

management problem than a water quality problem this restriction has also been removed from 

the nutrient management standard. We still recommend that planners avoid gross nutrient 

imbalances to avoid animal nutrition problems. 

c) Forbid Manure Application on Frozen and/or Snow-Covered Soils: In some areas of the 

country, application to frozen/snow covered grounds is essential for proper manure 

management. Management practices should be implemented. 

The objective of nutrient management planning is to make efficient use of available nutrient 

resources (commercial fertilizer, wastewater, organic by-products, manure, etc.) to grow crops 

with minimal impact on the environment. For animal feeding operations (AFO), comprehensive 

nutrient management plans help operators coordinate generated volumes of these materials 

with available storage capacity and spreadable acreage, and. Alternately, nutrient management 

plans allow for export of manure off-site to help prevent the over application of surplus 

nutrients. 

The application of nutrients to frozen, snow covered or saturated fields is precluded in the 

previous and the revised standard However, the revised standard is more flexible in that 

exceptions may be made when specified conditions are met and adequate conservation 
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measures are installed to prevent the off-site delivery of nutrients. The adequate treatment 

level and specified conditions for winter applications of manure must be defined by NRCS in 

concurrence with the water quality control authority in the State. At a minimum, the following 

site and management factors must be considered: 

Slope, 

Organic residue and living covers, 

Amount and form of nutrients to be applied, and 

Adequate setback distances to protect local water quality. 

d) Forbid Manure Application during Periods of Winter Dormancy: Proper application during 

winter dormancy, with management practices in place, may be the best time to apply 

nutrients to allow for mineralization to occur prior to active growing season. 

The winter dormancy restriction has been removed from the standard. The objective of 

nutrient planning is to provide nutrients for plant production with minimal negative impact on 

local water quality. Soil type, landscape position, proximity to adjacent waterways, application 

rates and frequency of application are important factors in accomplishing this objective. The 

standard strongly encourages timing the application of nutrients, or high mineralization rates, 

with periods of high crop uptake of nutrients. Plant uptake reduces the vulnerability of excess 

nutrients transport by surface or subsurface drainage water to local water bodies. 

e) Forbid Manure Application during Seasons of High Runoff Potential: Provision is not defined. 

Manure application is day to day management decision and cannot be scheduled by the 

Farmer's Almanac. 

The high runoff potential concept was considered too difficult to interpret and was dropped 

from the standard. Runoff is one of a number of site and transport factors that will be used in 

the assessment of potential risk for nutrient loses by surface or groundwater. 

f) Forbid Application When the Top Two Inches of Soil Are Saturated: Could prevent the 

application of wastewater by center pivot irrigation system. 
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Soil saturation is an important indicator used to predict the loss of nutrients by surface of 

ground water movement. The revised standards give the states flexibility in determining 

circumstances that pose low, moderate or high risk to local water quality. States can also 

recommend additional conservation measures to help reduce the risk of loss of nutrients in 

solution. 

g) The P Application Rate is Pre-determined to be "equal to the recommended phosphorus 

application, or estimated phosphorus removal in harvested plant biomass •.. " Again, this is an 

arbitrary cut-off and is not based on the scientific assessment which is at the core of the Pl. 

Fields on which moderate amounts of manure have been applied over past several years 

would receive a lab recommendation for P of "ZERO" and the crop removal rate will be in the 

range of 20·80 lbs of P205. Beef cattle manure application rate would be 2·3 tons manure per 

acre -not feasible for manure spreaders. Use of the PI is essential. 

Manure allocation rates will be based on a site-specific assessment of risk for nitrogen and 

phosphorus loss to surface and subsurface water. The revised standard allows states to grant 

exceptions to the requirement for a risk assessment under certain conditions. The Phosphorus 

Index will assign the relative risk for Ploss based on multiple site and transport factors. The 

determined level of risk will dictate when nutrients are to be allocated on an N-basis, P-basis or 

at crop removal rates. Under high risk conditions a drawdown strategy will need to be in place 

and additional conservation measures may be needed to reduce risk to the environment. 

h) It is essential that NRCS get the 590 standard right since the standard is a required component 

of the nutrient management plan portion of many state Clean Water Act NPDES permit 

programs. What economic analysis have you done on the cost to producers of this proposed 

standard? 

The 590 standard is developed by NRCS solely as a technical standard to help growers apply 

nutrients with minimal impact on the environment The only economic analysis that 

incorporates the 590 standard is as a subcomponent of the Benefit-Cost Analysis for 

Comprehensive Nutrient Management Plans (CNMPs). This analysis is intended to determine 

whether the environmental benefit generated by implementation of these plans justifies the 
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cost to the Federal government in developing CNMPs for producers. NRCS only creates CNMPs 

at the request of a producer and implementation by the producer is voluntary. States or other 

regulatory authorities are free to use standards developed by NRCS in regulations. 
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Senator CARDIN. Thank you for your testimony. I thank all three 
of you for your testimony. 

I think there is general consensus that the danger of excessive 
nutrients caused by pollution in our waters of America, creating 
dead zones and a risk to public health. It is interesting, we have 
an example that Senator Inhofe gave us, so we now have a specific 
example of the danger to our health. I think it points out the need 
for us to be more aggressive in this area. 

Mr. White, I appreciate your mentioning the Chesapeake Bay 
and the Farm Bill, the programs that were placed to deal with the 
nutrient pollutants coming from our farmers. It has been a very ef-
fective program, we thank you very much. We need more help, that 
is why last year I suggested a nutrient trading program, which we 
think also would help our farmers in giving them a financial re-
ward to do better and help us attain the overall objectives that we 
think are achievable in reducing nutrients that flow into the Bay. 

I might also point out, I met with local officials today from Mary-
land, who pointed out to me that there really isn’t much help out 
there to deal with storm runoff. We had suggested a special pro-
gram within the Chesapeake Bay program last year to help us deal 
with storm runoff. 

Which really leads me, Ms. Stoner, to the first point, and that 
is, we do have direct ability to control the applications for direct 
point source pollution, dealing with nutrients. But non-point pollu-
tion, we do not. And the two large sources of nutrients going into 
our water supply come from farming activities that are not regu-
lated, and from runoff, storm runoff, which is not regulated. 

That presents a real challenge as to how we can bring those 
sources of pollutants into an overall scheme without the direct abil-
ity to control their activities. 

Ms. STONER. Yes, Senator. Your description is correct about the 
authorities that we have. Of course, we also do have municipal sep-
arate storm systems, which are stormwater sources, that are under 
the Clean Water Act permitting program. 

But we believe in using the full suite of tools that we have avail-
able to address nutrient pollution. Our approach, which I set forth 
in a memo last spring, is really to work with States on developing 
State-wide nutrient reduction strategies. Those strategies look at 
the loads of nutrients, what the sources are, and evaluate the full 
suite of tools that can be applied, whether it is grants, whether it 
is loans, whether it is technical assistance, whether it is regulatory 
tools, like a permitting program. Trading was mentioned, that is 
often a great tool. And other kinds of incentives that can be used. 

And using the full suite together, we think that we can do a lot 
better job in addressing nutrient pollution. 

Senator CARDIN. Mr. White, do you have a view on the nutrient 
trading program as an effective tool? 

Mr. WHITE. I know a lot of farmers and ranchers, Senators. I 
haven’t met one yet that is bent on world domination. I think they 
just want to raise their families, pay their rent, see their kids off 
to school. And anything we can do in this what you are describing 
that would help them stay in business, put money in their pocket 
and improve the environment, I think we should support 100 per-
cent. 
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Senator CARDIN. Thank you. 
Ms. Stoner, there has been at least a question raised by Senator 

Inhofe as the burden of numeric nutrient standards as compared 
to a narrative water quality standard. Could you just briefly com-
ment on why EPA has used the numeric nutrient standards? And 
as I understand it, in Florida, I believe you offered to allow the 
locals tremendous input in developing what was right for Florida 
on the numeric standards. Could you just briefly describe that to 
us? 

Ms. STONER. Yes, sir. Both USEPA and many States have indi-
cated that they find numeric nutrient standards to be easier to im-
plement. They set a particular target. It is like playing football and 
trying to figure out where the end zone is. You want to know where 
you are going. And they help set that standard, based on science, 
indicating what the water body needs in order to be healthy. 

So that helps in all kinds of ways, talking about loadings and 
targeting of resources, helps with all kinds of different approaches 
to address nutrient pollution. So we do find that those are helpful 
and those are encouraged in the memo that I referred to earlier. 
We are looking at how those can be used, often along with other 
approaches as well, and actually have a workshop with States, 
starting tomorrow, to discuss those approaches. 

It is not the only approach, but it is often a very effective one. 
Senator CARDIN. Mr. Werkheiser, just briefly, is there a different 

approach needed to deal with the nutrient problems on ground-
water as compared to the surface? 

Mr. WERKHEISER. I think the best management practice that you 
would apply to the groundwater would be different than applied to 
surface water for a couple of reasons. One is just the length of time 
that the groundwater is in the system. And I think more impor-
tantly, we need realistic expectations, that this is a long-term 
issue. It is not something we are going to solve overnight, espe-
cially within the groundwater pollution. Those issues can last for 
decades. 

Senator CARDIN. Senator Sessions. 
Senator SESSIONS. Thank you. 
Mr. White, one thing I became convinced with, as the Bay Watch 

advocates in Mobile Bay were engaged, and that is that discrete, 
special acreages or areas are often the biggest polluting sources, 
and that carefully targeted regulations can produce real benefit 
without over-regulating areas that may not be noticeable contribu-
tors. From my understanding of your initial remarks, do you be-
lieve that would be an effective way to maximize our ability to re-
duce runoff and nutrients in the water? 

Mr. WHITE. No, sir. If I implied that, I apologize. What I meant 
is taking the voluntary incentive-based programs and through 
ranking criteria, through outreach, targeting the funds to the vol-
untary programs to those high areas. I am not a regulatory agency. 

Senator SESSIONS. But do you conclude, as I have observed, that 
in an area all around a water or estuary, that there are some spe-
cific areas that are far more problematic for the health of the water 
than others? And that a good regulation would target and focus on 
those that are most dangerous? Or you would just regulate every-
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body and make everybody in the whole region comply with your 
rule, regardless of the cost and benefit? 

Mr. WHITE. I would again—— 
Senator SESSIONS. You are not a regulatory—— 
Mr. WHITE. We do not have regulatory power, nor are we seeking 

any regulatory power. 
Senator SESSIONS. Maybe I should ask Ms. Stoner that. That 

would be fair enough. 
Mr. WHITE. That would be good with me. 
[Laughter.] 
Senator SESSIONS. You have to see the farmers eyeball to eyeball 

more than she does, I guess. 
Mr. WHITE. Every day. 
Senator SESSIONS. Ms. Stoner? 
Ms. STONER. Yes. Certainly we believe in looking at where the 

loadings are coming from and focusing attention on the greatest 
loads. That is the way to achieve the most, we certainly agree with 
that point. As Senator Cardin noted in his first question to me, 
there are some regulations that apply to some types of entities and 
not to others. 

So there are not regulations that apply to everyone. We have to 
look at different tools for different sources, and we do the best we 
can in putting those together to achieve the goal. 

Senator SESSIONS. Is there a difference between nutrient pollu-
tion and silt runoff? Ms. Stoner, would you like to answer that? 

Ms. STONER. I would, although I note that I am not a scientist. 
So my colleague at USGS may be able to do it in more detail. 

Silt often is a carrier of nutrient pollution. 
Senator SESSIONS. Is it defined in statute in any way differently? 
Ms. STONER. The science really defines what nutrient pollution 

is, the nitrogen and phosphorus. And those compounds really come 
from the science. That is what we look to in terms of deciding what 
is too much. Because as I believe Senator Inhofe noted, having 
some nutrients in the waterway is normal. The question is, how 
much is too much, and that is what we look to the science to an-
swer. 

Senator SESSIONS. Florida filed, in April, a petition with EPA 
asking it to abandon its takeover of Florida’s nutrient pollution 
program. They have a program that they worked on. Florida asked 
EPA to respond within 30 days. Is it correct that you have not yet 
answered their petition? 

Ms. STONER. We did sent them correspondence in response to 
their petition. We are continuing to work closely with the State of 
Florida on developing standards that would enable us to withdraw 
our standards. If Florida were able to promulgate final, approvable 
standards, we would then remove ours. And we would very much 
like to be in a position to do that. 

Senator SESSIONS. Well, on September 21st, 20 members of the 
Florida congressional delegation, including Senator Rubio, officially 
asked EPA to ‘‘withdraw its decision to impose numeric nutrient 
criteria in Florida, and place Florida on a level playing field with 
other States.’ The delegation also asked EPA to grant the April 22d 
petition. 

When do you anticipate giving Florida a yes or no to this? 
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Ms. STONER. We are on continued discussions with Florida. 
Senator SESSIONS. They have asked for an answer. Will you con-

tinue to press to take over the nutrient pollution program on nu-
meric regulation, or will you work with Florida and allow them to 
continue the lead that they have had previously? 

Ms. STONER. And we are working with Florida to continue to 
help them to develop standards. 

Senator SESSIONS. I think States and local communities do de-
serve respect. They know these waterways. And they have had 
some real great success in Tampa Bay and done some remarkably 
fine things. I think we will hear from them later. 

Ms. STONER. We agree. 
Senator SESSIONS. My time is up. Thank you, Mr. Chairman. 
Senator CARDIN. Senator Inhofe? 
Senator INHOFE. Thank you, Mr. Chairman. 
Ms. Stoner, I have a very long question, but there is a question 

mark at the end. First of all, I am glad to have you before the Com-
mittee today. We have not had a chance to have a dialog about the 
direction the Office of Water has been taking. 

I have expressed my concern over a number of issues, which you 
are aware, including the impending stormwater rule and the draft 
jurisdictional guidance document. 

Of particular concern to me are the immense costs that are being 
passed to the States and local governments from these policies. 
Today I would like to focus on the idea of cooperative federalism 
versus coercive federalism. 

I am extremely concerned that EPA keeps saying that they want 
to support the States’ solutions, and give the States flexibility. I 
have a quote from you that I agree with wholeheartedly, it says 
States need room to innovate and response to local water quality 
needs. So a one size fits all solution to nitrogen and phosphorus 
pollution is neither desirable nor necessary. I agree with that. 

In our next panel, we will hear from the Florida Agricultural 
Water Policy Director, Richard Budell. As well you know, EPA has 
taken over the process of setting numeric nutrient criteria for the 
State of Florida. This action has raised concern around the Coun-
try. To many States and stakeholders EPA appears to be in an ag-
gressive pursuit of a number over and above the biological health 
of waters. Without the assurance of improved water quality, EPA 
is mandating that Florida municipal wastewater treatment facili-
ties shoulder new compliance costs, estimated in the wide range, 
now, a range like this, there is something wrong, a wide range of 
$2.2 million and $6.7 billion annually, and that Florida’s agricul-
tural community incur an estimated $19.9 million, that is the 
EPA’s number, to $1.6 million, which is Florida’s number. So obvi-
ously, there is something wrong with this picture. 

I would like to submit for the record several letters that have 
been written to the EPA, requesting that the EPA withdraw its 
rules, follow EPA’s own nutrient framework and allow the State of 
Florida to take the lead in addressing the nutrient pollutants. So 
I would ask unanimous consent that be a part of the record. 

Senator CARDIN. Without objection, those will be included. 
[The referenced information follows:] 
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FLORIDA DEPARTMENT OF AGRICULTURE AND CONSUMER SERVICES 

COMMISSIONER ADAM H. PUTNAM 

The Honorable Lisa Jackson 
Administrator 
U.S. Envirortmcntal Protection Agency 
1200 Pennsylvania Avenue, N.W. 
Washington, D.C. 20460 

Dear Administrator Jackson: 

THE CAPITOL 

April26, 2011 

I am writing to express my support of the petition submitted April 22, 2011, by the State 
of Florida Department of Environmental Protection (FLDEP), requesting the Environmental 
Protection Agency (EPA) to rescind the January 2009 EPA determination that numeric nutrient 
criteria are necessary in Florida, and return the rulemaldng authority for nutrients to the state. As 
your office has stated, Florida has one of the most comprehensive surface water protection and 
restoration programs in the country and possesses the framework of accountability to address and 
enforce nutrient reductions in its own impaired waters. 

As highlighted in the petition, thcMarch 16,2011, EPA memo from NancyK. Stoner, 
titled Working in Partnership with States to Address Phosphorus and Nitrogen Pollution through 
use of a Framework for State Nutrient Reductions, detailed eight elements that provide the 
framework for states to effectively manage nitrogen and phosphorus pollution. Florida's 
commitment to these elements is demonstrated in its long history of statutory and rule based 
programs that foster interagency cooperation and watershed based programs to protect and 
restore our valuable surface water resources. Specifically, one of the elements describes the need 
for agricultural programs that target the implementation of the most effective practices to 
maximize envirortmental benefit. 

Florida is recognized as having one of the most aggressive and comprehensive programs 
for implementing agricultural source controls in the nation. Florida has adopted rules for a 
variety of agricultural operations including citrus, container nurseries, beef cattle, forestry and 
row crops. Florida has also adopted rules for watersheds that are key components of Everglades 
and Lake Okeechobee restoration. As a result, over eight million acres of Florida agriculture are 
currently implementing approved best management practices. 

1-800-H ELPFLA (850) 488-3022 www.FreshFromflorida.com 
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Administrator Lisa Jackson 
April 26, 2011 
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In closing, I reiterate my support of the FLDEP petition and urge you to withdraw the 
January 2009 necessity determination, initiate repeal of 40 C. F. R Section 131.43 and 
discontinue further work to develop and finalize additional numeric criteria for Florida. If you 
have any questions of my office on this matter, please feel free to contact me. 

cc: Florida Congressional Delegation 
Governor Rick Scott, State of Florida 
Florida Senate President Mike Haridopolos 
Florida House of Representatives Speaker Dean Cannon 
Florida Senate Majority Leader Andy Gardiner 
Florida Senate Minority Leader Nan Rich 
Florida House Majority Leader Carlos Lopez-Cantera 
Florida House Minority Leader Ron Saunders 
Secretary Hershel T. Vinyard, Florida Department of Environmental Protection 
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Senator INHOFE. EPA’s response to these requests, Florida can 
have its State control back only if it does what EPA thinks is good 
enough or as this June 2011 response says, adopts protective cri-
teria sufficient to address the concerns underlying our determina-
tion in rule. It is, you can do it, as long as you come to our same 
conclusions. 

In spite of the concerns raised with how EPA is trying to control 
nutrients in Florida, EPA is pushing other States to use the Flor-
ida model. Recently, EPA Region I rejected Maine’s numeric nutri-
ent criteria because they relied on a determination of whether a 
water body is biologically healthy using a weight of the evidence 
approach. This approach is recommended by EPA’s science advisory 
board. Region I’s response makes it clear that Maine’s numeric cri-
teria aren’t good enough, and that they want them to adopt inde-
pendently applicable limits, limits that apply regardless of the bio-
logical health of the water body, which is exactly what EPA has 
promulgated in Florida. 

EPA’s own nutrient framework memo is inconsistent. While stat-
ing ‘‘a one size fits all solution to nitrogen and phosphorus pollu-
tion is neither desirable nor necessary,’ as I said before, it goes on 
to reinforce the inflexible position that States must adopt numeric 
nutrient criteria. I have a June 23, 2011 letter from 50 group ex-
pressing their concern that this policy is inflexible, scientifically in-
defensible and actually slowing progress toward reducing impair-
ments associated with excess nutrients. I would like to ask that 
they be as part of this record also. 

Senator CARDIN. Without objection. 
[The referenced information follows:] 
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The Honorable Lisa Jackson 
Administrator 
U.S. Environmental Protection Agency 
Ariel Rios Building 
1200 Pennsylvania Avenue, N.W. 
Mail Code: !lOlA 
Washington, D.C. 20460 

Re: Numeric Nutrient Criteria 

Dear Administrator Jackson, 

June 23, 2011 

The undersigned organizations are all partners and stakeholders committed to addressing 
nutrient loadings to our nation's waters. We would like to commend the U.S. 
Environmental Protection Agency (EPA) for acknowledging in the March 16, 2011 
Memorandum from Nancy Stoner, Acting Assistant Administrator, Office of Water, to 
the EPA Regional Administrators, that states must take the lead in addressing nutrients 
and that: "states need room to innovate and respond to local water quality needs, so a 
one-size-fits-all solution to nitrogen and phosphorus pollution is neither desirable nor 
necessary." 

We are concerned, however, that a March 1, 2011letter from Acting Assistant 
Administrator Stoner responding on the issue of nutrients to a letter from the New 
England Interstate Water Pollution Control Commission, as well as the Office of Water's 
draft 2012 National Program Guidance, and language in the March 16, 2011 
memorandum itself, undermine the important principle highlighted above. Rather than 
giving states room to innovate and respond to local water quality needs, the Agency 
appears to reinforce a more inflexible and counterproductive EPA position which has 
been held since 1998 1 and advanced more aggressively in recent years. This position is 
that states must adopt numeric nutrient criteria (NNC), in all water bodies, for both 
nitrogen and phosphorus which are "independently applicable" (i.e., apply regardless of 
actual observed and documented water body biology and in-stream impairment) even in 
the absence of a cause and effect relationship between nutrient levels and regardless of 
achievement of designated uses. 

In the most public example of this dichotomy, EPA promulgated federal NNC for Florida 
lakes and flowing waters that are independently applicable. Thus, a water body is 
considered impaired even if it is otherwise healthy or if the biological impairment is 
related to a different factor (such as habitat alteration). Likewise, more restrictive 
numeric limits are then required in permits and dischargers will be required to install 
controls for one nutrient, such as nitrogen, when another nutrient, such as phosphorus, 
may be the most limiting. 

1 
National Strategy for Development of Regional Nutrient Criteria, 1998. 
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Without question, nitrogen and phosphorus pollution is a serious water quality problem in 
our nation. States arc working hard to develop and implement a variety of approaches to 
control nutrients from both point and non-point sources. Some states have put 
considerable effort and resources into the process of developing NNC. However, given 
the difficulty of establishing scientifically defensible NNC under certain conditions, other 
states are: 

• Focusing efforts on balancing biological, causal, and environmental response 
variables; 

• Directly improving water quality by taking actions to reduce nutrient loadings;2 

• Setting response criteria at levels to protect all designated uses; 3 

• Taking steps to control nutrients to protect downstream uses, such as monitoring 
to ensure uses are maintained, setting permit limits that ensure upstream 
discharges do not cause excecdances of downstream criteria, and applying 
antidegradation rules at upstream sites; 

• Applying NNC only after verifYing that nutrients are the cause of adverse water 
quality impacts in a water body; 

• Adopting criteria for response variables, such as chlorophyll a or dissolved 
oxygen, instead ofNNC; 

• Using other indicators of adverse water quality impacts in a water body to direct 
reduction activities; 

• Controlling both Nand P, or only one, depending on the water body needs. 

EPA's Science Advisory Board encourages these "weight of the evidence" approaches.4 

EPA's insistence that states must ultimately develop independently applicable NNC for 
all water bodies, even in the absence of a cause and effect relationship between the 
nutrient level and achievement of designated uses, is not scientifically defensible and is 
undermining innovative state approaches to reducing nutrient pollution. Continued 
controversy among EPA, states, and the regulated community over EPA's approach to 
nutrients is slowing progress towards reducing impairments associated with excess 
nutrients. 

The undersigned organizations request that EPA take meaningful public steps to support 
innovative approaches for reducing nutrient loadings and, where a state believes NNC are 
appropriate, innovative approaches for developing scientifically defensible NNC. 

2 
Where progress is bcmg made, the March 16 Memorandum appears to support a state focus on load reductions 

3 
The use of response criteria does not mean that no action will be taken before imp<mment occurs- rather, it means that actions can 

be taken at the appropriate point so that designated uses are maintained; change will be detectable before tmpairment occurs. 
4 See SAB Review of Empirical Approaches for Numeric Nutrient Criteria Derivation, EPA~SAB~l 0-006 {Apnl27, 2010). 
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Sincerely, 

NATIONAL AND MULTI-STATE ORGANIZATIONS 

Association of State and Interstate Water Pollution Control Administrators 
National Association of State Departments of Agriculture 
National Association of Conservation Districts 
National Association of Flood & Stormwater Management Agencies 
National Water Resources Association 
Western Coalition of Arid States 
Agricultural Retailers Association 
American Chemistry Council 
American Farm Bureau Federation 
American Forest & Paper Association 
American Sugar Alliance 
CropLife America 
Edison Electric Institute 
Federal Water Quality Coalition 
National Alliance of Forest Owners 
National Cattlemen's Beef Association 
National Chicken Council 
National Corn Growers Association 
National Council of Farmer Cooperatives 
National Pork Producers Council 
Responsible Industry for a Sound Environment 
The Fertilizer Institute 
United Egg Producers 
Utility Water Act Group 

MUNICIPAL, CORPORATE & REGIONAL ENTITIES 

Aurora Water, CO 
City ofPuehlo, CO 
City of Yuma, AZ 
Colorado River Water Conservation District 
East Bay Dischargers Authority, CA 
Georgia Association of Water Professionals 
Littleton/Englewood Wastewater Treatment Plant, CO 
San Juan Water Commission, NM 
Virginia Association of Municipal Wastewater Agencies 
Wyoming Association of Conservation Districts 
Alcoa 
Florida Pulp & Paper Association 
GROWMARK 
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PotashCorp 
Rayonier Corporation 
Delaware Maryland Agribusiness Association 
Tennessee Paper Council 
US Steel 
Virginia Agribusiness Council 
Virginia Grain Producers Association 
Virginia Poultry Federation 
Wyoming Ag-Business Association 
Wyoming Crop Improvement Association 
Wyoming Farm Bureau Federation 
Wyoming Stock Growers Association 
Wyoming Wheat Growers Association 

cc: Nancy Stoner, Acting Assistant Administrator, Office of Water 
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Senator INHOFE. So when EPA had the opportunity to follow 
through on its own stated desire to give States room to innovate 
and respond to local water quality needs, they have instead opted 
for their own answer to the problem. It is no wonder that States 
no longer feel the EPA is cooperating with them in trying to clean 
up waters, but instead is coercively pushing them to adopt a costly, 
heavy-handed EPA solution. 

So finally, Ms. Stoner, on August 17th of 2011, several of my col-
leagues and I sent you a letter voicing our concerns about the very 
wide and potentially expensive net that EPA cast in its advanced 
notice for proposed rulemaking for stormwater. Int hat letter, we 
asked 20 questions. There are several of these questions that were 
not answered, so my question to you would be, No. 1, when exactly 
are you planning to send your required report to Congress? And 
No. 2, will that report on the stormwater rule economic analysis 
contain jobs impact numbers? 

Ms. STONER. Thank you, Senator. 
I would like to respond to a number of points that you made. 

First of all, in terms of State water quality standards, the way the 
Clean Water Act works is that States are the principal one to de-
termine what the water quality standards are, based on the uses 
of the waters, to ensure that the waters are usable for fishing, 
swimming, drinking water, whatever it is that those are used for. 
That is a science-based decision. 

But then when the implementation of those standards occur, 
there is lots of flexibility in determining how to implement them 
so as to make sure that they are cost-effective. 

You asked about the costs. 
Senator INHOFE. And you are saying that then would be at the 

option of the States. I would hope that the next panel is in here 
and is listening, because I am going to ask them the same ques-
tions, similar questions in terms of how they are being treated in 
this respect. 

Ms. STONER. You asked about the costs in Florida. And there are 
very widely differing estimates. EPA’s estimates are based on as-
suming that the flexibility that exists in the Clean Water Act and 
the regulations will be employed in implementation of the water 
quality standards in Florida. And that is why our number is lower 
than numbers that others give, based on assuming that the flexi-
bilities that are in the law will not be used. 

We have asked the National Academy of Sciences to take a look 
at that, to help us determine what the right costs are. 

You also asked about the standard for approval of those stand-
ards. So it is not based on EPA opinion, it is actually based on the 
Clean Water Act standards. And that is what Congress has given 
EPA a role in approving State water quality standards. And so that 
would be the test that we would use in determining whether or not 
Florida’s standards can be approved. 

We do hope that they set standards that are approvable, and we 
are working very closely with them to share data, to share models, 
technical assistance, meeting with them on a regular basis to en-
sure that they submit standards that will be approvable. We hope 
that is the case. 
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Senator INHOFE. Let me interrupt at this point, because we are 
way over my time. It is unfair to the rest of them. But the ques-
tions you said I asked I didn’t ask. I asked the questions, when ex-
actly are you planning to send the required report to Congress and 
will that report have the economic analysis containing jobs impact 
statements. 

So those are the two questions. You can answer them for the 
record if you would like. 

Ms. STONER. Yes, sir. On the first question, we will be following 
the Clean Water Act, which requires the report to Congress under 
Section 402(p)(5) to be submitted before a decision is made to take 
further action under 402(p)(6). That is what the Clean Water Act 
requires, and we will be submitting that report before we go out 
with a proposal to propose any regulations under 402(p)(6) under 
the stormwater—I am sorry, was there another question? 

Senator INHOFE. No, that is all right, because I had suggested 
you answer those for the record, because we are using too much 
time here. So you have those questions, we would like those an-
swers. Those two questions. 

Ms. STONER. Thank you, Senator. 
Senator CARDIN. Senator Whitehouse? 
Senator WHITEHOUSE. Thank you, Chairman. 
Ms. Stoner, there is a technique, I would guess, or a series of 

techniques that are described as green infrastructure, although 
since it is water-based, maybe blue infrastructure would be a better 
term, that are designed to mimic natural processes of evaporation 
and filtration and have proven effective in reducing nutrient pollu-
tion. I am wondering, Senator Udall and I have introduced legisla-
tion called the Green Infrastructure for Clean Water Act of 2011, 
which would add green infrastructure as an option in the permit-
ting process. I am wondering what you feel the authorities are that 
you have right now with respect to green infrastructure and wheth-
er you consider that to be a promising means of trying to protect 
our waterways from the nutrient pollution that we are seeing so 
often. 

Ms. STONER. Yes, Senator. 
First of all, the green infrastructure usually is referring to the 

vegetation associated with it, although it doesn’t always involve 
vegetation. But it is also called low impact development sometimes, 
and other types of names. And it is a very promising technique, not 
viewed only that way by EPA, but by State and local communities, 
by conservationists, by fishermen, by business leaders. It is actu-
ally booming across the Country, because people are very inter-
ested in it because of the multiple benefits that it provides. It helps 
revitalize cities, helps not only cleanup the waterways and restore 
water supplies, but also address urban heat island effect, air qual-
ity, all kinds of things. 

Senator WHITEHOUSE. Can it result in cost savings compared to 
mechanical and chemical methods of treatment? 

Ms. STONER. Often it can. It is not universal that it always does, 
but often it can, particularly when those benefits are considered. 
And it also helps drive investment in cleaned up waterways and 
neighborhoods that have implemented green infrastructure tech-
niques, so it can bring in revenue as well. So it is very popular, 
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we have lots of demands for assistance and help all across the 
United States and we can’t meet them all. But we do have author-
ity, which was your question, to work with communities now under 
existing, the State revolving funds, the 319 program and other 
funds that we have now. And we are doing the best we can to meet 
those requests for assistance. 

Senator WHITEHOUSE. One other question. Rhode Island has 
done a very good job of addressing the point source for nutrient, 
the point sources for nutrient, that have contaminated Narragan-
sett Bay and Mount Hope Bay for a long time. And there really 
isn’t, I don’t think, a whole lot left to be done from a point source 
perspective. We have huge CSO investment to be able to filter the 
water from storms that wash everything into combined sewer- 
storm systems. We have worked with some of the major polluters, 
the Bay Commission, Narragansett Bay Commission has been very 
effective in dealing with that. 

We are now at the point where non-point source, general runoff, 
and what comes in from other States, down the Blackstone River, 
down the Taunton River, through the Paucantuck Watershed from 
Connecticut, is having a fairly pronounced effect on us. I would 
love to have you say a few words on how the framework for State 
nutrient reduction process that we have been talking about can uti-
lize a watershed approach in those instances where you have 
multi-State participation in the watershed, and perhaps the incen-
tives of the polluting States are a little bit diminished in terms of 
cleanup, because the effects aren’t felt in their waters, they are felt 
in our waters. 

Ms. STONER. Yes. One of the provisions that is relevant to this 
is the provision in the regulations that actually requires standards, 
and there is also one for permitting in the upstream States, to con-
sider the downstream impacts. So because water pollution does not 
know State bounds, and because we want to ensure that everyone 
in the Country can go anywhere in the Country and know that it 
is safe to drink the water and swim in the waterways and so forth, 
the Clean Water Act was set up with those balances, with local 
water quality standards set to protect designated uses, but also to 
protect those of downstream States, as you are discussing there. 

Senator WHITEHOUSE. Thank you, Mr. Chairman. 
Senator CARDIN. Senator Boozman? 
Senator BOOZMAN. Thank you, Mr. Chairman. 
In regard to the numeric standards, Ms. Stoner, you said that a 

lot of States wanted to implement and go that direction, that they 
were easy. I think the reality is that a lot of States don’t want to 
go that direction. Because they feel like they can do a better job 
of actually looking, I think as Mr. Werkheiser described, all of the 
different things that affect, canopies of trees, you mentioned the 
other things that can play into this. Should they have the ability 
to decide for themselves? 

Ms. STONER. If I meant to suggest that it is easy to set numeric 
nutrient standards, that is not what I meant. It is actually a sci-
entific inquiry that can be complex. But it is easier to implement 
them. So I just wanted to say that. 
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And I did want to say that we are, as I mentioned earlier, we 
have a workshop tomorrow on the use of biological assessment in 
State water programs. 

Senator BOOZMAN. Should the States have the right to use the 
narrative approach, which also can work, if they choose to do that? 

Ms. STONER. We are working with States to explore the flexibili-
ties that exist in the Clean Water Act. 

Senator BOOZMAN. I understand, but if they decide that they 
want to use the narrative approach, and use the factors that Mr. 
Werkheiser described, which at some point I would like to visit 
about whether or not we are actually doing that as we decide nu-
meric standards, but should they have the right under the Clean 
Water Act, if they wish to do that, should they have the right to 
do that? 

Ms. STONER. Where there—— 
Senator BOOZMAN. You talk a lot about collaborating. It seems 

like the collaboration only works as long as the State agrees with 
what you say. 

Ms. STONER. No, sir, the collaboration works when there is a sci-
entific basis and a legal basis for the standard. And as long as 
those criteria are met, then it is approvable and we approve it. 

Senator BOOZMAN. So you agree then that the States should have 
the right to not use the numeric standard, but the other? 

Ms. STONER. We are working on approaches now that would be 
approvable approaches that could use narratives for biological as-
sessments. 

Senator BOOZMAN. OK. You talk a lot about collaboration with 
the States. I guess my problem is, if that is true, again, it seems 
like collaboration exists as long as the State does what you wish 
it to do. The reality is that it seems like so many people are very 
upset with the standards that you have come out with in regard 
to the State and the local stakeholders. Can you give us some ex-
amples of specific things that you are trying to do to help with the 
collaboration? 

Ms. STONER. You bet. So we are working directly with the State 
of Ohio on a weight of evidence approach right now. We approved 
standards in the State of Wisconsin, phosphorus standards there. 
We are working in Montana, we are working with the State there 
on putting together the record that would be necessary to support 
the variances that were passed by the State legislature there. We 
are working in multiple States, Colorado is another one, on a vari-
ety of approaches to set approvable State standards that would 
help reduce nutrient pollution. 

Senator BOOZMAN. Mr. Werkheiser, in your opinion in regard to 
the method that is used as far as setting a numeric standard or 
using another method, of actually looking at the things that you 
talked about, is it reasonable if a State comes up with a plan in 
that regard to allow them to do that as opposed to just saying, you 
are at .1 or .05 or whatever? 

Mr. WERKHEISER. I can answer from a scientific standpoint, not 
a regulatory standpoint. From a scientific standpoint, we work with 
both setting numeric standards and other standards, taking into 
account all those variables that go into an effective nutrient reduc-
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tion strategy. So regardless of how the standard is set, we work on 
the scientific basis on the whole range of factors that are relevant. 

Senator BOOZMAN. So it is reasonable, then, for a State to go a 
different direction, and possibly do a better job, as opposed to the 
one size fits all? 

Mr. WERKHEISER. From a scientific standpoint, as long as you 
take into take into account all those variables, I think that is abso-
lutely right. 

Senator BOOZMAN. So it would be reasonable that in fact you can 
actually do a better job if you took those variables into account? 

Mr. WERKHEISER. From our standpoint, regardless of what you 
use, and the important thing is taking the variables, whether it is 
a numeric value or a different standard. 

Senator BOOZMAN. Thank you. Thank you, Mr. Chairman. 
Senator CARDIN. Thank you. 
Let me if I might introduce into the hearing record a report re-

leased last week by the USDA’s Economic Research Service. The 
report on nitrogen in agricultural systems noted that the introduc-
tion of large amounts of nitrogen into the environment has a num-
ber of undesirable impacts on water, terrestrial and atmospheric 
Resources. The report also notes that two-thirds of U.S. cropland 
is not meeting the three criteria for good nutrient Management. 

Without objection, that will be included in the Committee record. 
[The referenced information follows:] 
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Abstract 

Nitrogen is an important agricultural input that is critical for crop production. However, the 
introduction of large amounts of nitrogen into the environment has a number of undesir­
able impacts on water. terrestrial, and atmospheric resources. This report explores the use 
of nitrogen in U.S. agriculture and assesses changes in nutrient management by farmers 
that may improve nitrogen usc efficiency. ft also reviews a number of policy approaches for 
improving nitrogen management and identifies issues afrecting their potential performance. 
Pindings reveal that about two-thirds of U.S. cropland is not meeting three criteria for good 
nitrogen management. Several policy approaches. including financial incentives, nitrogen 
management as a condjtion of farm program eligibility, and regulation, could induce farmers 
to improve their nitrogen management and reduce nitrogen losses to the environment. 

Keywords 

Reactive nitrogen, nitrogen management, fertiJizer, water quality, greenhouse gas. economic 
incentives, conservation policy, regulation 

Acknowledgments 

This report benefited from the insightful comments provided hy Keith Fuglie, Marca 
Weinberg, and Mary Rohman of USDA', Economic Research Service. Ralph f{eimlich of 
Agricultural Conservation Economics, Roberta Parry of the U.S. Environmental Protection 
Agency, Jerry Hatfield of USDA's Agricultural Research Service. USDA's Natural Resources 
Conservation Service and an anonymous reviewer. Thanks also to John Weber for excellent 
editorial assi;;;tancc and to Curtia Taylor for the design and layout. 



133 

VerDate Aug 31 2005 09:17 Jun 02, 2017 Jkt 000000 PO 00000 Frm 00139 Fmt 6633 Sfmt 6633 S:\_EPW\DOCS\24963.TXT VERNE 24
96

3.
27

7

Contents 

Summary. 

Glossary. 

Chapter I 
Introduction 

Chaptrr2 
Environmental Implications of Nitrogen and Goals 
for Agricultural Management. .......... . 

Chapter 3 
State of Nitrogen Management on Cropland 

Chapter4 
Policy Instruments for Nitrogen Reduction .. 

Chapter 5 
Implications for Nitrogen Management Policies 

References .. 

Appendix I 
Estimating Water Treatment Costs. 

Appendix 2 
Using NLEAP To Model Nitrogen Loses 

Appendix 3 

. ............ iii 

vi 

. . . . . . . . . . 1 

.. .... 3 

.. 9 

"25 

46 

. 51 

"65 

". 68 

Estimating Changes in Nitrogen Fertilizer Application Rate .72 

Appendix4 
Comparing Costs of Farms Using Different 
Nutrient Management Practices 

Appendi.t 5 

Estimating Wetland Restoration Costs 

Nitmgen 

" " . " " . " . " . 78 

..... 81 



134 

VerDate Aug 31 2005 09:17 Jun 02, 2017 Jkt 000000 PO 00000 Frm 00140 Fmt 6633 Sfmt 6633 S:\_EPW\DOCS\24963.TXT VERNE 24
96

3.
27

8

Summary 

VVhatlsthelssue? 

Nitrogen is an agricultural input that is critical tOr crop production. Human­
induced production and release of reactive nitrogen has greatly affected the 
Earth's natural balance of nitrogen. contributing to changes in ecosystems, 
both beneticial and harrnful, including increased agricultural productivity 
in nitrogen-limited areas. ozone-induced injury to crops and forests, over­
enrichment of aquatic ecosystems, biodiversity losses, visibility-impairing 
haze. and global climate change. Incentives for encouraging t~u·mers to adopt 
improved nitrogen management can take many forms. from purely voluntary 
to regulatory. Designing a cost-effective policy requires that factors influ­
encing fertilizer use be fully understood. Also, an understanding of how 
farmers are likely to respond to different incentives may help policymakers 
a5.scss potential environmental tradeoff's driven by nitrogen's ability to 
change forms and cycle through diftCrent environmental media. 

VVhat Did the Study Find? 

Emission of reactive nitrogen to the environment can be reduced by 
matching nitrogen applications more closely with the needs of growing 
crops. This can be achieved by adopting three "best management prac­
tices" ( BMPs): 

• Rate: Applying an amount of nitrogen at a rate that accounts for all 
other sources of nitrogen, carryover from previous crops, irrigation 
water, and atmospheric deposits. 

• Timing: Applying nitrogen as close to the time that the crop needs it 
as is practical (as opposed to the season before the crop is planted). 

• Method: Injecting or incorporating the nutrients into the soil to reduce 
runoff and losses to the atmosphere. 

Among all U.S. field crops planted in 2006 that received nitrogen fertil­
izers, 35 percent arc estimated to have met all three of the nutrient BMPs. 
For the remaining cropland, improvements in management are needed to 
increase nitrogen use efficiency (i.e .. reduce the amount of nitrogen avail­
able for lo~s to the environment). 

Corn is the most intensive user of nitrogen tCrtilizer, on a per acre basis 
and in total use. Fertilizer applied to corn is least likely to be applied in 
accordance with all three BMPs. 

Incentives fOr improving nitrogen use efficiency by adopting the rate, 
timing, and method BMPs can come from policy or market forces: 

• Government programs that provide financial assistance for adopting 
BMPs can be effective if they encourage the participation of farmers 
with land most in need of improvement and if the farmers choose the 
most cost-effective practices. Data suggest that the amount of crop­
land needing improvement would require a substantial increase in the 
current Federal budget devoted to nutrient management practices. 

iii 
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• Including nitrogen management in compliance provisions for receiving 
Federal farm payments could encourage farmers to adopt more 
effCctive management practices. In 2005. producers of U.S. corn 
received Government payments that were much higher than the cost 
of improving nitrogen management The strength of this incentive, 
however. has declined in recent years because of increases in crop 
prices and a decline in direct commodity payments. 

• Emissions markets, such as water quality trading and greenhouse gas 
cap-and-trade, could provide financial lncentivcs to farmers to adopt 
improved nitrogen management and produce nitrogen credits that can 
be sold in these markets. The effectiveness of such markets would 
depend on rnarket design, including rules defining who can participate 
and what needs to be done to produce credits. 

On field improvements to nitrogen use efficiency could be supplemented 
with ofHield practices, such as wetlands restoration and vegetative filter 
strips that can filter and trap reactive nitrogen that leaves the field through 
surface runoff and groundwater !low, Of the two practices, restored 
wetlands can be more cost effective at removing nitrogen and provide 
additional environmental benetits, but they are limited to areas with suit­
able soils and hydrology, Vegetative filters can be employed more widely 
across the landscape but are not effective when existing tile drains bypass 
the filters, 

Policies for increasing nitrogen use efficiency should recognize the poten­
tial environmental tradeoffb when addressing particular issues related to 
reactive nitrogen. Focusing strictly on one issue, such as nitrate leaching. 
could lead to increased emissions of other nitrogen compounds, such as 
nitrous oxide, even when total reactive nitrogen emissions are reduced. 

How Was the Study Conducted? 

ERS researchers used an extensive literature review, modeling. and data 
from USDA's Agricultural Resource Management Survey (ARMS) of major 
field crops. ARMS data provided information on nitrogen use, defined 
by the rate, method, and timing application criteria. This, in turn. hcJped 
researchers determine the types of management improvements needed the 
most. 

The following market forces and policy instruments were evaluated to 
measure their influence on nitrogen management: nitrogen fertilizer taxes, 
Federal financial assistance offered to farmers to adopt practices that improve 
nitrogen use efficiency or filter and trap nitrogen runoff, emissions markets 
such as water quality trading and greenhouse gas cap-and-trade. compliance 
with nitrogen BMPs as a condition for receiving t~mn program benefits. and 
regulation, 

Because reactive nitrogen is mobile and able to transform into diftCrcnt 
compounds, researchers used a field-level nitrogen loss simulator developed 
by USDA's Agricultural Research Service to track how improving nitrogen 
use efticiency by meeting all three BMPs affects emissions of different reac­
tive nitrogen compounds. These interactions were taken into account when 
evaluating alternative policy options. 
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Glossary 

ARMS- AgriculLural Resource Management Survey 

BMP- Best management practice 

CEAP -Conservation Effects Assessment Pn)grum 

EQIP- Environmental Qualily Incentives Program 

NUE -Nitrogen use etlkiency 

N Nitrogen 

N2 - Gaseous nitrogen 

N03 - Nitrate 

NOx- Nitrogen oxides 

N20- Nitrous oxide 

NH3 - Ammonia 

Nr- Reactive nitrogen 

NRCS -Natural Resources Conservation Service (USDA) 

VFS - Vegetative filter strip 
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Chapter I 

Introduction 

Most of the cropping systems in the wor1d arc naturally de1icicnt in 
nitrogen. making nitrogen inputs necessary to produce the crop yields 
needed to support human populations. Gaseous nitrogen (N2) is abundant 
in the atmosphere, but it cannot be used by living organisms unless it is 
first converted into useable forms. Leguminous plants and soil microorgan­
isms contribute significant amounts of nitrogen used by crops. but yields 
necessury to support growing populations need more nitrogen than can be 
provided by natural means. 

The Haber-Bosch process converts ··unreactive" gaseous nitrogen from the 
atmosphere into a biologically useable '"reactive'' form. The development of 
the process in the early 1900s led to the massive production of relatively inex­
pensive nitrogen fertilizer that boosted crop yields (Follett et aL 2010). The 
increasing usc of reactive nitrogen in agriculture also increased the potential 
for nitrogen to be lost to the environment as ammonia (NH,). ammonium 
(NH.,). nitrogen oxides (NO,), nitrous oxide (N20), and niti·ate (N03); 
these compounds are all reactive forms of nitrogen (Galloway et al., 2003). 
Excessive amounts of reactive nitrogen inputs can lead to imbalances in the 
natural movement of nitrogen among atmo!lphcric. terrestrial, and aquatic 
nitrogen pools, leading to disruptions in ecosystem function and the supply of 
valuable ecosystem services. 

Reactive nitrogen directly affects species composition, diversity. dynamics, 
and the functioning of terrestrial, freshwater. and marine ecosystems (Matson 
et al., 1997; Vitousck ct al., 1997). Human-induced increases in reactive 
nitrogen emissions to the environment may contribute to the following 
harmful changes to ecosystems: 

Ozone-induced injury to crop, forest. and natural ecosystems 

Acidification and eutrophication (nutrient enrichment) effects on {{)rests. 
soils. and freshwater aquatic ecosystems 

Eutrophication and hypoxia (oxygen depletion) in coastal and lake 
ecosystems 

Harmful algae blooms 

Biodiversity losses in terrestrial and aquatic ecosystems 

Regionul haze 

Depletion of stratospheric ozone 

Global climate change 

• Nitrate contamination of drinking water aquifers 

A variety of steps can be taken to reduce the relatively large share of nitrogen 
that is lost from agricultural systems. Improved management of nitrogen 
fertilizers. animal manure, and other agricultural inputs can improve overall 
nitrogen use efficiency (NUE) and reduce the loss of reactive nitrogen to the 
environment whHe maintaining crop yields. 

Policv/ ERR-127 
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Incentives for encouraging farmers to adopt improved nitrogen manage­
ment can take many forms, from purely voluntary to regulatory. Designing 
a cost-effective policy requires that factors influencing fertilizer use be fully 
understood. Also, an understanding of how farmers are likely to respond to 
different incentives may help policymakers assess potential environmental 
tradeoffs driven by nitrogen's ability to change forms and cycle through 
different environmental media. 

This report takes a broad view of several questions related to nitrogen 
management: (l) Why is nitrogen management so important? (2) How 
many acres of cropland are not using nitrogen best management practices 
(BMP)'' and (l) What are the strengths and weaknesses of alternative policy 
approaches for improving nitrogen management on those acres? 

Ideally. alternative policies would be assessed on the basis of the cost of 
achieving a particular level of NUE across U.S. crop production. However, 
physio-economic models that would allow for this type of assessment are not 
available on a national scale. Instead. this analysis uses survey data to help 
identify the number of acres of cropland that would benefit from improved 
management and to assess the characteristics of each alternative policy 
approach. Policy approaches are assessed in terms of factors consistent with 
cost dl'ectiveness. including flexibility. ability to target, crop acres covered. 
and implementation costs. These factors are assessed through orjgjnal 
research and an extensive review of the literature. 

Nitrogen 
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Chapter 2 

Environmental Implications of Nitrogen and 
Goals for Agricultural Management 

Agriculture is the predominant source of reactive nitrogen emissions into 
the environment. In the United States, agriculture contributes 73 percent 
of nitrous oxide emissions (EPA, 2010a), 84 percent of ammonia emissions 
(EPA, 20!0a), and 54 percent of nitrate emissions (Smith et al., 1997). Most 
losses from cropland are attributable to runoff. ammonia volatilization, 
nitrification and denitrification. and nitrate leaching (see box, "Pathways for 
Nitrogen Los~es''). 

Nitrogen's impacts on water resources (Dubrovsksy et al., 2010; Bricker et 
al., 2007; Rabalais et al., 2002a, b), atmosphere (Cowling et al., 2002; Follett 
et al., 2010), and terrestrial resources (Galloway eta!., 2008) are extensive. 
Estimates of the economic value of these damages are lacking. Crutchfield et 

Pathways for Nitrogen Losses 

Soil erosion Nitrogen can be lost from the soil surface when attached to soil 
particles that are carried off the Held by wind or water. Although wind and water 
erosion can be observed across all regions, wind erosion is more prevalent in 
dry regions and water erosion in humid regions. OveralL little nitrogen is lost 
through erosion when basic conservation practices are in place (Iowa Soybean 
Association, 2008b). 

Runoff- Surface. runoff of dissolved nitrogen (generally in the form of nitrate) 
is only a concern when fertilizer and or manure arc applied on the surface and 
rain moves the nitrogen before it enters the soil (Legg and Meisinger. 1982; lowa 
Soybean Association, 2008b). 

Ammonia volatilization- Significant amounts of nitrogen can be lost to the at­
mosphere as ammonia (NH3) if animal manure or urea is surface applied and 
not immediately incorporated into the soil (Hutchinson ct al., 1982: Fox ct al.. 
1996; Freney et al., 1981; Sharpe and Harper, 1995; Peoples eta!., 1995). Addi­
tionally, warm weather conditions can accelerate the conversion of manure and 
other susceptible inorganic nitrogen fertilizers to ammonia gas. 

Denitrification and nitrification When oxygen levels in the soil are low, some 
microorganisms known as dcnitrificrs will convert N03 to nitrogen (N2) and 
nitrous oxide (N20), hoth of which are gases lost to the atmosphere (Mosier and 
Klemcdtsson, 1994). Nitrogen gas is not an environmental issue, but N20 is a 
powerful greenhouse gas. Denitrification usually occurs when nitrate is present 
in the soil, soil moisture is high or there is standing water, and soils arc warm. 
NOx and N20 gases can also be produced through a process called nitrification. 

Leaching - Leaching occurs when there is sufficient rain and/or irrigation to 
move easily dissolvable nitrate through the soil prollle (Randall eta!., 2008). 
The nitrate eventually ends up in underground aquifers or in surface water via 
tile drains and groundwater flow. Tile drains may be a chief passageway by 
which nitrogen moves from crop soils to surface water (Turner and Rabalais, 
2003; Randall ct al., 2008; Randall ct aL, 2010). 

Nitror;en 
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aL (1995) estimate that consumL~rs in four U.S. rural areas would he willing 
to pay between $73 million and $780 million per year (in 1995 dollars) for 
reduced chemical concentrations (including nitrate) in groundwater tapped 
by private wells. Dodds et al. (2009) estimate that consumers spend over 
$800 million each year on hottled water due to nutrient-related taste and odor 
problems. 

lJsing data from water treatment plants, ERS estimates the cost of removing 
nitrate from U.S. drinking water supplies is over $4.8 billion per year (see 
app. I). Based on the contribution of nitrate loadings from agriculture {Smith 
ct aL 1997), agriculture's share of these costs is estimated at about $1.7 
billion per year. Most costs are borne by the large utilities, due to the volume 
of water treated. ERS findings indicate that reducing nitrate concentrations in 
source waters by 1 percent would reduce water treatment cost' in the United 
States by over$ !20 million per year. 

Managing Nitrogen for Agriculture 
and the Environment 

USDA's Natural Resources Conservation Service <NRCS) defines nutrient 
management as managing the amount, source, placement, form, and timing 
of the application of plant nutrients to the soil (USDA, NRCS, 2006). 
Optimizing nitrogen management both economically and environmentally 
requires farmers to perfOrm a juggling act: Applying too much nitrogen cuts 
into financial returns and increases the likelihood of nitrogen escaping into 
the environment applying too little increases the risk of reduced yields and 
lost income. 

Crop production is characterized by uncertain and :-.tochastic, or random, 
weather and soil conditions that affect crop yields and nitrogen Joss. To main­
tain viable opemtions, t~lnners may manage temporal variability in weather 
and soil nitrogen by overapplying nitrogen to protect against downside risk 
(i.e .. uo.;e an "insurance'' nitrogen application rate) (Sheriff. 2005: Babcock, 
1992; Babcock and Blackmer, 1992). Additionally. farmers may take a 
·'safety net"' approach to maximize economic returns by setting an optimistic 
yield goal for a given field based on an optimum weather year to ensure that 
the needed amount of nitrogen for maximum yields is available (Schepers ct 
al., 1986; Bock and Hergert. 199!). Thus, during the years in which weather 
b not optimal for maximizing yields, nitrogen will be overapplied from an 
agronomic standpoint, Almost by definition, optimal conditions are infre­
quent. so fanners overfertilize crops in most years. 

The following hypothetical example helps illustrate the reasoning behind 
a farmer's decision to apply a certain amount of fCrtilizcr. Assume lhat a 
farmer applies 179 pounds of nitrogen (N) per acre to his or her cornfield. 
Under ideal conditions. the farmer might produce 170 bushels of corn per 
acre. In most years, however, conditions arc not ideal and production averages 
14X bushels per acre. This yield requires only 165 pounds of N per acre, but 
at this level. the farmer will miss out on an extra 22 bushels in the event of 
ideal weather conditions. Assuming a fertilizer price of $0.50 per pound of 
N, the extra N applied in an average year costs $7 per acre. Assuming a corn 
price of $4.50 per bushel, the beneftt from having enough nitrogen available 
to take advantage of optimal conditions would be $99 per acre. In most years. 
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however, the extra fertilizer is not used by the crop and is available to leave 
the field and affect environmental quality. 

Definitions o,{ Nitrogen Use E.lficiency 

Researchers calculate nitrogen use to assess the effectivcn~ss of 
nitrogen management. The NUE of a system is the proportion of 
all nitrogen inputs that are removed in harvested crop biomass. contained 
in recycled residues, and in soil organic and inorganic 
nitrogen pooh et aL (f1g. 2.1). Nitrogen not recovered in 

sinks is lost to the environment. Increases in NUE reduce 
left in the soil and available f()r loss to water or the 

annm;nnere. Increased NUE is treated as a goal of environrnental policy 
this report. 

Recommended Input Rate and Nitrogen Credits 

The 
1991: 

application rate has a major effect on NUE (Bock and Hergert, 
et al.. 2008: Frency et aL 1995: Power et aL 2001). Nitrogen 
shown to increase when N exceed assimila-

tion capacity (Vanotti and Bundy. et 1996: Dobcrmann ct 
al., 2006; Bock and Hergert, 1991). Reducing application rates reduces the 
losses of all forms of reactive nitrogen. 

Figure 2.1 
Nitrogen balance and nitrogen use efficiency 

Source: USDA Economic Research Service using data from Meisinger et al . 2008. 

Nitrogen 
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The effectiveness of nitrogen management may be raised by accounting for 
all nitrogen sources when determining a nitrogen fertilizer application rale. 
Depending on the region, such sources may jnclude inorganiG nitrogen levels 
in the root zone\ soil organic content, previous crop (e.g., leguminous crop), 
manure app11cations, irrigation water, and atmospheric deposition (Cassman 
et aL 2002: Meisinger et aL 2008: Iowa Soybean Association, 2008a). 

Method/Placement 

The goal of appropriate method and placement of fertilizer is to provide 
nutrients to plants for rapid uptake and to reduce the potential for losses 
to the environment Studies have shown that NUE can be doubled under 
some conditions by placing fertilizers in the soil rather than "broadcasting" 
them on the surface (Malhi and Nyborg. 1991; Power et al., 2001). Liquid or 
gaseous forms of nitrogen can be injected directly into the soil with special­
ized equipment that is consistent with !ow-till systerns. Solid forms can be 
broadcast on the surface and immediately incorporated into the soi1 with 
tillage equipment. Such placement reduces the risks of losses to the atmo­
sphere and through surface runoff. The method of application can also reduce 
losses of nitrogen stemming from ammonia vo1atization (Meisinger and 
Randall. 1991; Peoples eta!., 1995; Fox et aL 1996: Freney et al., 1981). 

The impact of fertilizer placement on nitrous oxide emissions is less certain. 
Liu et al. (2006) found that injection of liquid urea ammonium nhrate at 
deeper levels resulted in 40-70 percent lower N20 emissions than the rate 
associated wlth shallow injection or surface application. Some studies, 
however, have reported that incorporation into the soil increases N10 emis­
sions (Ficssa and Beese, 2000: Wulf eta!., 2002; Drury, 2006). InJection or 
incorporation could also increase nitrate leaching, especially where ::,oils are 
coarse textured (Abt Associates, 2000). 

Timing 

The research on improving NUE in crop production emphasizes the need 
for greater synchronization between crop nitrogen dcrnand and the supply 
of nitrogen from all sources throughout the growing season (Doerge et aL, 
1991; Cassman et aL 2002; Meisinger and Delgado. 2002). Balancing supply 
and demand implies maintaining low levels of inorganic nitrogen in the soil 
when there is little plant growth and providing sufficiem inorganic nitrogen 
fertilizer during periods of rapid plant growth (Doerge et al., 1991; Alva et 
aL 2005). For example, the corn plant's need for nitrogen is not very high 
until about 4 weeks after it emerges frorn the ground, which lypically falls in 
June through July in the major corn-producing States (Baker, 2001 ). Ideally, 
to ensure that growing crops have adequate Nand to minimize losses from 
the soil, a farmer could sp1it nitrogen applications or "spoon feed" nitrogen 
when using center-pivot sprinkler irrigation systems from June through July­
August. using information from soil tests and/or advanced remote sensing 
techniques (Bausch and Delgado, 2003). Though splitting nitrogen applica .. 
tions is seen as an effective way to increase NUE and reduce nitrogen losses 
to the environment, several factors must first be considered: workload, 
seasonal fertilizer price differences, the risk associated with not being able 
to apply at the right time, application costs, the possibility of compacting the 
soil, and possible damage to growing crops (Doerge ct at 1991; Westermann 

Nitrogen 
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and Kleinkopf, 1985; Westermann ct a!., 1988; Alva eta!., 2005; Delgado and 
Bausch. 2005). 

Form 

NUE is also influenced by the l(1rm of nitrogen fertilizer (Raun and Schepers. 
2008; Ft·eney et al.. 1995). Some of the more widely used nitrogen fertilizer 
forms include anhydrous ammonia (gas), urea (solid), UAN (liquid), and 
manure (solid). These forms vary in how quickly they can be transformed 
into nitrate, which is what crops actually usc. The closer in time the fertilizer 
is applied to when the crop needs it, the faster it needs to be transtOrmed into 
nitrate. A mismatch of !Crtilizer form with appropriate timing can lead to 
large environmental losses and poor yields. 

Manure Effects 

Manure is an important source of N. but it poses challenging management 
problems (Eghball et al., 2002; Kirchmann and Bergstrom, 2001; Davis et 
al., 2002). The nitrogen content of manure depends on the animal type and 
the method of manure storage (Davis ct a\., 2002; Eghball ct aJ., 2002), and 
nitrogen content may be inconsistent from batch to batch (Davis eta!., 2002). 
Manure is more difficult to handle than inorganic nitrogen fertilizers, and, 
if in solid !(mn, is difficult to apply uniformly. Most of the nitrogen content 
of manure is in the organic N.wm and has to be mineralized before crops can 
use it. Since the transformation process depends on manure type, soil, and 
weather conditions, it is more difficult to control soil nitrate levels relative 
to crop needs when manure ls applied than when other tOrms are applied 
(Eghball et al.. 2002; Power et al., 2001). Consequently. controlling environ­
mental losses from manured fields is more difficult than from fields using 
commercial tCrtilizcr. 

Off-Site Practices That Capture Nitrogen 

Off-field conservation measures can be used in conjunction \:vith onfield 
nitrogen management to either capture reactive nitrogen in biomass or convert 
it to inert N) through denitrification. Examples of off-site practices include 
vegetative b-uffers or filters and restored and constructed wellands (Hefting 
ct aL, 2003; Jacobs and Gilliam. 1985; Lowrance ct al., 1984). Buffers and 
wetlands reduce nitrogen loads to ,water through plant uptake, microbia] 
immobilization and denitrification, soil storage, and groundwater mixing 
(Pionke and Lowrance, 1991; Lowrance ct al.. 1997; Hey et aL, 2005; Mayer 
et aL, 2005). 

Buffers can remove nitrogen from both surface How and groundwater (Mayer 
et al.. 2005; Angier et al., 2001; Randall el al., 2008; Mitsch and Day, 2006). 
The effectivcne.;;s of vegetative buffers depends on the size of the buftC-r, 
the density of vegetation. and hydrologic conditions within the buffer zone 
(Dosskey et al.. 2005; 2007). Based on a wide range of studies. Mayer el 
aL (2005) estimate that buffers can remove about 74 percent of the nitrogen 
passing through the buffer root zone. However, in many areas of the country 
where tile drains are used to control the water table, especially in the Corn 
Belt. subsurface flows pass below the root zone and are not filtered by vegeta­
tive buffers. 
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Restored wetlands have been shown to be effective at reducing the transfer of 
nitrogen from agricultural land to water bodies (Jansson et al.. 1994) and have 
been propo~ed as a technique to remove reactive nitrogen from the environ~ 
ment (Hey et aL, 2005; Mitsch and Day, 2006). Wetland vegetation uptakes 
nitrogen, and wet soils enhance denitrification. The effectiveness of wetlands 
as a filter of reactive nitrogen depends on their size, seasonal weather condi­
tions, and hydrologic characteristics. Wetlands also provide a host of other 
ecosystem services that are valued by society, such as wildlife habitat and 
carbon sequestration. 
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Chapter 3 

State of Nitrogen Management 
on Cropland 

Nitrogen Management on U.S. Cropland 

Data on the nutrient management practices of U.S. producers of barley. corn. 
cotton. oats, peanuts. sorghum, soybeans, and wheat (table 3.1) are derived 
from USDA's Agricultural Resource Management Survey (ARMS) (see 
box, "Agricultural Resource Management Survey'"). The basic practices for 
improving NUE are agronomic application rate, appropriate timing or appli­
cations, and proper placement (USDA. NRCS, 2006). For the purposes of this 
analysis, these practices are defined as fOllows: 

• Rate. Applying no more nitrogen (commercial and manure) than 40 
percent more than that removed with the crop at harvest, based on the 
stated yield goaL including any carryover from the previous crop. This 
approach is consistent with a more traditional approach fix estimating 
N rate recommendations (Millar et al., 20!0) and is also the criterion 
used by NRCS in its assessment of conservation practices in the Upper 
Mississippi Basin (USDA. NRCS. 2010). Crop uptake coefficients are 
from NRCS (Lander eta!., 1998, table 3.!). This agronomic rate accounts 
for unavoidable environmental losses that prevent some of the nitrogen 
that is applied from actually reaching crops. 

Table 3.1 

Crops, ARMS Phase II reference years, States surveyed, commodities, and nitrogen uptake 
per unit of crop yield 

Reference Lbs N 
Crop year States surveyed Commodity per unit 

Barley 2003 CA, ID, MN. MT. ND, PA, SD, UT, WA, WI, WY grain 0.9 

CO, GA, IL, IN, lA, KS, KY, Ml, MN, MO. NE, NY, NC. grain 0.8 
Corn 2005 

ND. OH, PA, SD, TX, WI silage 7.09 

Cotton 2003 AL, AZ, AR, CA, GA. LA, MS, MO. NC, SC, TN, TX lint plus seed 15.19 

Oats 2005 IL, lA, KS, Ml, MN, NE, NY, ND, PA. SD, TX, WI grain 0.59 

Peanuts 2004 AL, FL, GA, NC, TX 
nuts with 

0.04 
pods 

grain 0.98 
Sorghum 2003 CO. KS, MO, NE, OK, SD, TX 

14.76 

Soybeans 2006 
AR, IL, IN. lA. KS, KY, LA, MI. MN, MS, MO, NE, NC, 

beans 3.55 
NO, OH, SD, TN. VA. WI 

Wheat grain 1.13 
Winter 

2004 
CO, ID, IL, KS, Ml, MN, MO, MT, NE, ND, OH, OK, OR, grain 1.39 

Other spring SD,TX,WA 
Durum grain 1.29 

Unit 

bushel 

bushel 

ton 

bale 

bushel 

pound 

bushel 

ton 

bushel 

bushel 

bushel 

bushel 

Notes: N =nitrogen. ARMS USDA's Agricultural Resource Management Survey, The nitrogen uptake coefficients are from Lander eta!. 
(i998). The coefficients for soft (1.02 lbs/bushel) and hanJ (1.23 lbslbustle!} winter wheal were averaged because the type of winter wheat 
produced was not available. To download estimates based on these data. or to learn more about the surveys, go to www.ers.usda.gov/data/ 
arms/beta.htm. 

Source: USDA, Economic Research Service using data from USDA's Agricultural Resource Management Survey (2003·06) and Lander et aL 
(1988). 
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Agricultural Resource Management Survey 

USDA's Agricultural Resource Management Survey (ARMS) is an annual survey 
of farm and ranch operators administered byERS and the National Agricultural 
Statistics Service (NASS). ARMS gathers data on field-level production prac­
tkes. farm business accounts. and farm households. ARMS is a multiple-phase 
survey. In the falL NASS interviews producers of major commodities, such as 
feed grains, food grains. or cotton, to collect information about production prac­
tices and land usc on select fields. In the spring, NASS rc-intcrvicws farmers 
who successfully completed the fall survey. Spring data collection focuses on 
the structural and economic characteristics of the farm business and farm op­
erator household. This approach helps link commodity production activities and 
eonscrvation practices with the lkmn business and operator household. 

Each phase of ARMS contains multiple versionsofthesurvcyqueslionnairc. The 
commonality of questions across versions provides one facet of data integration. 
fn the faH data coHection. the target commodity distinguishes questionnaires. 

• Timing. Not applying nitrogen in the fall for a crop planted in the spring. 

• Method. Injecting (placing fertilizer directly into the soil) or incorpo­
rating (applying to the surface and then discing the fertilizer into the soil) 
nitrogen rather than broadcasting on the surface without incorporation. 

Form also plays a role in nitrogen management for improving NUE. 
However, available data do not a!Jow for an assessment of the form of 
nitrogen t'ertilizer applied. 

In this report, we evaluate nitrogen management only during the survey year 
covered by ARMS data. The loss of nitrogen to the environment in a partic­
ular year is mostly a function of current and not past management decisions. 
However, current management decisions have to account for past manage­
ment. such as planting of a legume. The amount of commercial nitrogen 
applied is readily available from the ARMS responses; however. the amount 
of manure nitrogen must be estimated. We base these estimates on the quan­
tity of raw manure applied. the f(mn of the manure (liquid or solid), and the 
animal source of the manure. We also note whether the previous crop was a 
legume so as to account for the potential carryover of nitrogen. 

A farm can fall into one of eight nitrogen management categories, defined by 
the three management decisions in a particular year: 

I. All of the criteria are followed. 

2. The rate and timing criteria arc followed. 

3. The rate and method criteria arc ll11lowcd. 

4. The timing and method criteria arc followed. 

5. Only the rate criterion is followed. 

6. Only the timing criterion is followed. 

7. Only the method criterion is followed. 

8. None of the criteria are followed. 

Ni/Jvgcn Policy/ERR-127 
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How Many Acres Treated With Nitrogen Met the Criteria for Best 
Management Practices? 

Because the crops covered in the analysis were surveyed in different years. 

we specify a reference year. 2006. to examine the extent to which best 

nitrogen managetnent practices are being followed. Weights are calibrated 

so that the weighted sums of acres planted by the surveyed crop producers 

match USDA's published estimates of planted acres for 2006 (USDA, NASS, 

2008). This provides reasonable baseline estimates under the assumption that 

the percentages of planted and treated acres and application rates by manage­

ment category were stable between the survey reference years (see table 3.1) 

and 2006. We maintain this assumption throughout the analysis. 

Sixty-nine percent of the 242 million acres planted to barley. corn, cotton, 

oats, peanuts, sorghum, soybeans, and wheat in 2006 were estimated to be 

treated with commercial and/or manure nitrogen (table 3.2). Corn accounted 

for an estimated 45 percent of the 167 million crop acres treated with 

nitrogen and 65 percent of the 8.7 million tons of nitrogen applied to these 

crops during 2006. 

The application rate criterion wa"' not met on over 53 miiiion acres treated 

with nitrogen (32 percent). Cotton had the highest percentage of treated acres 

not meeting the rate criterion (47 percent). followed by corn (35 percent). 

However, corn accounted for 50 percent of all treated crop acres not meeting 

the rate criterion. 

The timing criterion was not met on over 40 million treated acres (24 

percent). About 34 percent of treated corn acres received commercial and/or 

manure nitrogen in the falL These corn acres account for over 64 percent of 

all treated crop acres not meeting the timing criterion. 

Table 3.2 

Planted and nitrogen-treated acres, nitrogen applied, and the shares of treated acres and applied nitrogen 
that did not meet the rate, timing or method criteria, by crop 2006 

Total Did not meet rate j Did not meet timing ! Did not meet method 

Planted Treated Treated Treated Treated 
Crop acres acres TonsN acres TonsN acres TonsN acres TonsN 

Thousands Percent 

Barley 3,452 3,176 98 14 23 20 20 25 25 

Corn 78,327 76,052 5,799 35 46 34 26 37 20 

Cotton 15,274 12,566 591 47 61 18 11 32 24 

Oats 4,168 2,748 93 33 49 28 32 42 41 

Peanuts 1,243 737 14 1 7 16 11 39 29 

Sorghum 6,522 5,370 220 24 31 16 16 27 21 

Soybeans 75,522 16,827 248 3 31 28 56 45 43 

Wheat 57,344 49,808 1,766 34 50 11 12 37 32 

Total 241,852 167,285 8,829 32 47 24 23 37 24 

Notes: N = mtrogen. These est1mates aro based on wmghted sums, where the we1ghts were calibrated so that the sums of planted acres for 
each crop based on the survey data match published estimates of planted acres for 2006 (USDA, 2008). 

Source: USDA, Economic Research Service us1ng data from USDA's Agricultural Resource Management Survey (2003-06), Phase IL See table 

3.1 for details. 

Nitrogen PoliC\' I ERR-127 



148 

VerDate Aug 31 2005 09:17 Jun 02, 2017 Jkt 000000 PO 00000 Frm 00154 Fmt 6633 Sfmt 6633 S:\_EPW\DOCS\24963.TXT VERNE 24
96

3.
29

2

Nitrogen was not incorporated/injected on over 61 million treated crop 
acre' (37 percent). These acres received 24 percent of all applied nitrogen. 
Soybeans (45 percent) had the highest percentage of acres not meeting the 
method criterion. However, corn accounted for ahout 46 percent of all treated 
acres not meeting the method criterion. 

Corn acres make up nearly ha 1 r of all acres that arc in need of some type of 
improvement in nitrogen management, in that at least one of the three criteria 
is not met (fig. 3.1). /\ny policy ajmed at improving nitrogen use efficiency 
would have to con:;;ider the factors driving management decisions in corn 
production. 

From a regional standpoint, the Corn Belt and Northern Ph-tins dominate in 
terms of cropland not meeting the management criteria (figs. 3.2. 3.3). Not 
coincidentally, these are the primary corn-growing areas in the United States. 
However, in terms of nitrogen application in excess of the criterion rate, the 
Corn Belt and Lake States receive the greatest amounts of excess nitrogen 

(fig. 3.4). 

As described in the previous chapter, NUE is highest when all three manage­
ment criteria are met. Table 3.3 shows the percentage of treated acres in each 
nitrogen management category. as we11 as the degree to which excess nitrogen 
is applied in relation to the rate criterion. About 35 percent (58 million 
acres) of the treated acreage meet all three criteria. Corn has the smallest 
percentage of treated acres meeting all three criteria (30.4 percent). Because 
of the large amount of cropland planted to corn. this represents about half of 
all crop acre~ needing improvement in nitrogen management (rate, timing, 
or method). Only 4.2 percent of all treated acres do not meet any of the three 

criteria. 

About 47 percent of all treated crop acres meet the method and timing 
criteria. Most of the acres exceeding the rate criterion do so by less than 50 

Figure 3.1 
Acres treated with commercial and/or manure nitrogen not using nitrogen best 
management practices, 2006 
Million treated acres 

60 

50 

40 

30 

20 

10 

Barley Com Cotton Oats Peanuts Sorghum Soybeans 

Source: USDA, Economic Research Service using data from USDA's Agricultural Resource Management Survey (2003-06), 
Phase II. See table 3.1 for details. 

Nitrogen 
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Figure 3.2 

Acres treated with commercial and/or manure nitrogen not using nitrogen best management 
practices, by region, 2006 

Million treated acres 

40 

35 

30 

25 

20 

15 

10 

Appalachia Com Delta Lake Mountain Northeast Northern Pacific Southeast Southern 
Belt States P!alns Plains 

Researctl Service using data from USDA's Agricultural Resource Management Survey (2003~06), Phaso IL 

Figure 3.3 

USDA farm production regions 

Source: USDA, Economic Research Serv1ce. 

percent. For example, about 14 percent of corn acres receive applications of 
lO percent or less over the criterion rate. Reducing application rates on the5e 
acres so that the rate criterion is met would mean that nearly SO of 
all corn acres would meet the rate criterion and that 35 percent acres 
would meet all three criteria. 

Polio·/FRR-127 
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Figure 3.4 

Total nitrogen applications above criterion rate by region, 2006 

1 ,000 tons excess nitrogen 
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300 
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50 
18 

0 .1---'-"-.LL-..W;li;L __ :.__ __ 

Appalachia Corn Delta Lake Mountain Northeast Northern Pacific Southeast Southern 
Belt States Plains Plains 

Note: Criterion rate defined as ni1rogen removed at harvest plus 40 percent 
Source: USDA, Economic Research Service using data from USDA's Agricultural Resource Management Survey {2003-06), 
Phase 1!. See table 3.1 for details. 

It should be noted that our findings differ somewhat from those reported by 

USDA's Conservation Effects Assessment Project (CEAP) assessment of 

the Upper Mississippi River Basin (USDA. 2010). The CEAP study reports 

smaller percentages or cropland meeting the nitrogen management criteria. 
The ERS study, however, examines nitrogen management for only the survey 

year. The CEAP analysis looks at nutrient management practices over an 

entire crop rotation, which may run from 2 to 5 years (see box, "CEAP 

Analysis of Nitrogen Management in the Upper Mississippi River Basin"). 

All three criteria had to be met in each year of the rotation for CEAP to 

consider the cropping system as having met the nitrogen management goal. 

The CEAP approach is stricter than that used by ERS. 

l11anure Use 

Previous research has indicated that hmns with animals tend to overapply 

nutrients to crops. primarily because of the large amount of manure produced 
on the farm needing disposal (Ribaudo eta!., 2003; Gollehon eta!., 2001). 

ARi\1S data provide additional evidence that manure use is associated with 

ovcrapplication of nutTients. About lO percent of crop acres treated with 
nitrogen (treated acres) received manure. Ninety-three percent of treated 

acres receiving manure did not meet all three criteria, compared with 62 

percent of treated acres not receiving manure (tahle 3.4). Most of the cropland 

receiving manure was used to grow corn (72 percent). Over 95 percent of the 

corn acres receiving manure did not meet all three criteria, compared with 65 

percent for corn acres not receiving manure. 
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Table 3.3 

At or less than criterion rate 

I Barley 52.0 16.4 13.0 4.3 

Corn 30.4 15.0 12.0 6.2 

Cotton 32.9 11.6 6.5 2.3 

Oats 33.8 13.5 8.0 11.0 

Peanuts 53.5 29.7 7.0 8.7 

Sorghum 44.5 18.4 
I 

9.5 3.3 

Soybeans 43.0 27.7 9.8 16.1 

Wheat 36.8 22.2 5.2 1.7 

Total 34.8 18.3 9.2 5.5 

0 ~ 1 0% over rate 

Barley 1.8 1.1 0.7 0.1 

Corn 4.6 I 2.0 4.2 3.3 

Cotton 6.6 3.5 3.7 0.7 

Oats 1.2 1.2 0.0 0.1 

Peanuts 0.3 0.0 0.0 0.0 

Sorghum 3.7 0.3 1.1 0.1 

Soybeans 0.0 0.1 0.1 0.0 

Wheat 4.4 2.5 0.8 0.1 

Total 4.1 2.0 2.5 1.6 

1 0~50'/o over rate 

Barley 3.9 1.7 1.0 

I 
0.9 

Corn 4.6 5.0 2.3 2.8 

Cotton 10.4 7.2 1.8 0.8 

Oats 6.4 2.3 0.5 1.6 

Peanuts 0.1 0.0 0.0 0.0 

Sorghum 6.6 1.9 1.7 0.3 

Soybeans 0.0 0.2 1.1 0.6 

Wheat 8.9 5.3 2.6 0.1 

Total 5.9 4.5 2.1 1.5 ·----
50·1 00% over rate 

Barley 1.1 0.3 0.1 0.2 

Corn 0.7 1.0 0.4 1.1 

Cotton 3.3 4.0 1.3 0.5 

Oats 3.6 1.9 0.4 1.3 

Peanuts 0.0 0.4 0.0 0.0 

Sorghum 1.7 0.3 0.0 0.0 

Soybeans 0.1 0.1 0.1 0.2 

Wheat 3.9 3.1 0.1 0.0 

Total 1.9 1.7 0.3 0.6 
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Table 3.3 
Percent treated acres by management category, crop, and degree of excess application, 

2006 (continued) 

Percent of treated acres 

Greater than 1 OO'>fo- over rate 

Barley 0.2 0.0 0.1 

Corn 0.6 0.3 1.2 

Cotton 1.5 0.9 0.2 

Oats 2.2 4.7 1.3 

Peanuts 0.3 0.0 0.0 

Sorghum 4.3 2.0 0.1 

Soybeans 0.4 0.0 0.0 

Wheat 0.2 1.7 0.1 

Total 0.7 0.9 0.6 

Total not meeting rate criterion 12.6 9,1 5.5 

Notes: F1gures m bold meet the rate cntenon. See the notes to table 3.2. 

0.2 

0.8 

0.2 

4.3 

0.0 

0.0 

0,0 

0.1 

0.5 

4.2 

Source: USDA, Economic Research Service using data from USDA's Agricultural Resource Management Survey (2003-06), Phase!!. See 

table 3. I for details. 

Other Considerations 

The environmental impacts of low nitrogen use efficiency on the environment 

can be affected by different land management practices. such as the pres­

ence of underground tile drains and the use of filter strips or riparian huffers. 

Tile drainage plays a role in nitrogen losses from fields (David et at, 2010), 

Tile drainage lowcf' the water table, enabling fields that would otherwise be 

wet part of the year to be intensively cropped. These drained soils tend to be 

highly productive, Tiles, however, provide a rapid conduit for soluble nitrate, 

effectively bypassing any attenuation that may occur in the soiL ARMS 

data indicate that nearly 26 percent of treated cropland is tiled, most of this 

in corn production (table 3.5), Of particular interest is the degree to which 

nitrogen management on this vulnerable cropland is not using nitrogen BMP. 

ARMS data indicate that about 71 percent of tiled acres do not meet aJI three 

nitrogen management criteria. Most of these acres arc in corn production. 

Much of the tile-drained cropland is located ln the l\1ississippi River Basin, 

whkh has implications for hypoxia in the Gulf of Mexico, 

Land management practices can mitigate nitrogen losses from fields. The use 

of filter strips or riparian buffers can reduce the amount of nitrogen lost to 

surface water bodies. Less than 10 percent of treated crop acres not meeting 

the rate, timing, or method criteria have filter strips that could reduce losses 

in runoff and subsurface !lows (table 3.6). For corn, about II percent of acres 

not using nitrogen BMPs have filter strips that could mitigale losses to water, 

but significant improvements could still be made. Filter strips, however. 

do not address atmospheric losses and may not be effective if not sited or 

managed appropriately. In addition. buffers would be ineffective on the 26 

percent of treated cropland that is tile drained. 

Nitmgen 
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CEAP Analysis of Nitrogen Management in the 
Upper Mississippi River Basin 

Our a<;sessment of nitrogen management on cropland using data from USDA's 
Agricultural Resource Management Survey (ARMS) has some similarities 
with the assessment of nutrient management on cropland in the Upper Missis­
sippi River Basin (UMRB) conducted by the Conservation Effects Asscssmcnl 
Project (CEAP). The two studies also have some important differences. CEAP 
was initiated by USDA's Natural Resource..;; Conservation Service, Agricultural 
Research Service. and Cooperative State Research, Education, and Extension 
Service (recently renamed the National Institute of Food and Agriculture). The 
goal of CEAP is to estimate conservation benefits from conservation invest~ 
mcnts and to provide research and an assessment on how to best use conser­
vation practices in managing agricultural landscapes to protect and enhance 
environmental quality. The assessment of cultivated cropland in the UMRB is 
the first of a series of studies that will cover m;.~or crop-producing areas of the 
United States, Findings from the UMRB study arc available at www.nrcs.usda. 
gov/tcchnical/nri/ccap/umrb/indcx.html. 

Both analyses assess baseline nitrogen management on cropland according to 
three criteria: rate, Liming, and method. The definitions we used for each are 
based on those used in the CEAP analysis. Both studies used a survey to col­
lect data on nutrient management practices. The major difference between our 
analysis using ARMS data and the CEAP analysis is how the criteria were ap­
plied. ARMS collects information about cropping practices during a single 
crop year. Our analysis, therefore, based the assessment of nitrogen manage­
ment on practices used to produce the crop sampled by the survey. The CEA P 
analysis focused on cropping systems, which could be up to 5 years in length 
and contain several different crops. Data were collected on production practices 
used each year of the crop rotation. CEAP ~tscd these data to evaluate the entire 
rotation, not just the crop grown during the year the survey was conducted. If 
the rate, timing, or method criteria were not met during any year of the rotation. 
then that sample point was identified as not meeting the nitrogen management 
criteria. This approach is more stringent than the one used in our analysis. For 
example, assume corn and soybeans were on a 2~year rotation and that corn was 
grown durjng the year the ARMS and CEAP surveys were conducted. In our 
analysis, if the nitrogen application rate on corn met the rate criterion. then that 
corn sample was identified as such. In the CEAP study. the nitrogen application 
rate on both the corn and the previous year's soybean crops were assessed. If 
the application rate on corn met the rate criterion but excess nitrogen was ap­
plied to soybeans, then the rotation was identified as not meeting the criterion. 
This leads to the CEAP assessment reporting a smaller percentage of crop acres 
meeting the rate criterion than we would report. Overall. the CEAP analysis 
reports fewer crop acres meeting Lhe rate, timing, and method criteria than does 
the ERS report. 

Nitrogen Management on U.S. Corn 

A high percentage of crop acres meet at least some of the nitrogen manage­
ment criteria (see table 3.3). Corn. however, meets all three criteria least 
often. Corn is the most intensive us~:r of nitrogen and the most widely planted 
crop. Improvements in rate. timing. and/or application method are needed 
on 70 percent of corn acres to improve NUE. In addition. growth in corn 
demand due to the biofuels mandate suggests that corn acreage may increase 

Nitrogen 
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Table 3.4 
Percent treated crop acres receiving commercial or manure nitrogen that did not meet the rate, timing, 
and method criteria by crop 2006 , 

Planted Treated Acres treated Acres treated with Acres treated with 

Crop acres acres with commercial N only commercial and manure N manure N only 

Percent of Percent of Percent of 
alf treated Percent all treated Percent all treated Percent 

Thousands acres vulnerable 1 acres vulnerable acres vulnerable 

Barley 3,452 3,176 94 45 4 96 2 89 

Corn 78,327 76,052 84 65 14 96 2 91 

Cotton 15,274 12,566 96 67 3 85 1 29 

Oats 4,168 2,748 78 59 9 88 13 92 

Peanuts 1,243 737 93 46 5 52 2 41 

Sorghum 6,522 5,370 98 55 1 98 1 49 

Soybeans 75,522 16,827 85 51 2 100 13 91 

Wheat 57,344 49,808 99 63 1 92 0 28 

Total 241,852 167,285 90 62 7 96 3 86 
1Vulnerable acres are those not meetmg !he rate, ttming, and method cntena, 

Notes: N nitrogen. See notes to table 3.2. These estimates were weighted by the total amount of nitrogen applied by management category. 

Source: USDA, Economic Research Service using data from USDA's Agricultural Resource Management Survey (2003·06), Phase II. See table 
3.1 for details. 

Table 3.5 
Nitrogen-treated acres with tile drainage that did not meet the rate, timing, or method criteria by crop, 2006 

Crop 

Barley 

Corn 

Cotton 

Oats 

Peanuts 

Sorghum 

Soybeans 

Wheat 

Total 

Notes: See notes to table 3.2. 

Total 

Thousands 

3,176 

76,052 

12,566 

2,748 

737 

5,370 

16,827 

49,808 

167,285 

Treated acres 

Tile-drained acres that do not meet the 
With tile drains rate, timing, or method criteria 

Percent 

42 43 

34,738 70 

583 71 

216 66 

40 44 

46 43 

5,690 69 

1,644 94 

43,000 71 

Source: USDA, Economic Research Service using data from USDA's Agricultural Resource Management Survey (2003·06}, Phase !!. See table 
3.1 for details. 

in the future. along with the intensity of corn production. Together, these 
factors could increase reactive nitrogen emissions to the environment unless 
nitrogen use efficiency is improved. 

An examination of an additional year of survey data collected during the 
2001 growing season and disaggregated regionally helps determine if 
management has undergone recent changes and if such changes vary hy 
region. The share of corn acres not meeting the rate criterion declined 
from 4! to 35 percent between 200! and 2005 (table 3.7). This finding is in 

Nitmgen Policy I t."RH.·127 
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Table 3.6 
Nitrogen-treated acres not meeting the rate, timing, or method criteria 
that have filter strips by crop 2006 

Number of acres not No. of acres not meeting % of acres with 
meeting rate, timing rate, timing, or method filter strips not 

Crop or method criteria criteria with filter strips meeting criteria 

Barley 1,523 68 4 

Corn 52,910 5,909 11 

Cotton 8.432 397 5 

Oats 1,818 99 5 

Peanuts 343 42 12 

Sorghum 2,983 64 2 

Soybean 9,600 475 5 

Wheat 31.475 2,530 8 

Total 109.084 9,584 9 

Notes: See notes to table 3.2. 

Source: USDA, Economic Research Service using data from USDA's Agricultural Resource 
Management Survey (2003-06), Phase !I. See table 3.1 for details. 

agreement with those of other reports on improving nitrogen use efficiency 

based on steady application rates and increased corn yields (Turner et al.. 
2007). Improvements in rate were ~ecn in all regions except Appalachia and 
the Southeast. Notable improvements were seen in the Corn Belt, Lake States, 

and Northeast Timing and method. however, did not show similar improve­

ments in the more recent data. For most regions, the percentage of corn acres 
not meeting these two criteria increased. 

Changing Management May Result in Environmental Tradeoff~ 

Changing management practices may improve nitrogen use efficiency, hut 

the environmental outcomes may not always be desirable. We usc the new 
Nitrogen Loss and Environmental Assessment Package with GIS {Geographic 

lntormation System) capabilities (NLEAP-GIS) model to assess how changes 
in nitrogen management practices on corn aftCct the los<.;es of nitrate (to 
water), nitrous oxide (to air), and ammonia (to air) (Shaffer eta!., 2010; 
Delgado eta!., 20!0a). Of particular interest is the extent to which tradeoffs 
in environmental outcomes might occur as overall nitrogen use efficiency is 

improved. See appendix 2 for more details on NLEAP. 

Because NLEAP is a field-level model. we selected eight different soils in 
four States (Arkansas, Ohio. Pennsylvania, and Virginia) to asse~s changes in 

nilrogen emissions to the environm..::nt from management change~ in non irri­
gated corn production.' Four of the soils are type A orB soils (well drained), 

and l(lur arc typeD soils (relatively poorly drained). For each soil, we 

examined two rotations (corn-corn and corn-soybeans), two tillage practices 
(conventional and no-till). and two sources of nitrogen (inorganic fertilizer 

and inorganic fertilizer+ unimal manure). The slopes for these soils were 0 

to 6 percent, with low erosion potential. 

For each soillrotation/ti llage/nitrogen-source combination, eight different 
scenarios were modeled with NLEAP, each representing one of the combi-

Nitroxen 

1Th~se four State-; v.ere ~elected 
h~cau~e they present a \\·ide variation 
in growing condition" and becau~e the 

for rnnning: NLEAP 

Pa!ic\·/ ERR-127 
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Table 3.7 
Nitrogen-treated acres and the shares that did not meet the rate, timing, or method criteria for corn, 

2001 and 2005 

Region Treated acres Did not meet rate Did not meet timing Did not meet method 

2001 2005 2001 2005 2001 2005 2001 I 2005 

Thousands Percent of treated acres 

Appalachia 1,925 I 2,118 52 66 12 16 56 78 

Corn Belt 35,087 39,145 46 38 41 41 39 34 

Lake States 12,965 13,958 46 34 37 41 36 30 

Mountain 1,243 1,018 18 14 9 20 33 50 

Northeast 2,696 2,477 42 32 39 40 54 53 

Northern Plains 16,962 18,293 27 28 10 15 36 45 

Southeast 280 286 39 50 27 29 41 55 

Southern Plains 1,708 2,109 31 32 45 38 33 18 

Total 72,868 79,404 41 35 32 34 38 37 

Notes: !n both years, corn producers were surveyed in Colorado (Mountain); Kansas, Nebraska, North Dakota, and South Dakota (Northern 

Plains); Texas (Southern Plains); Michigan, Minnesota, and Wisconsin (Lake States); Illinois, Indiana, Iowa, Missouri, and Ohio (Corn Bell); New 

York and Pennsylvania {Northeast); Kentucky and North Carolina (Appalachia); and Georgia (Southeast). These estimates are based on weight­

ed sums, with the weights recaHbrated so that the weighted sums of planted acres for each crop based on the survey data match estimates for 

2001 and 2005 (USDA, 2008). 

Source: USDA, Economic Research Service using data from USDA's 2001 and 2005 Agricultural Resource Management Survey, Phase !L 

nations of nitrogen management criteria outlined in table 3.4. Therefore, 64 

different scenarios were modeled for each soil. 

A recommended application rate was specified for each soil/cropping system 

combination. based on local agronomic recommendations. as described by 

Espinoza and Ross (2008) for Arkansas, Alley et al. (2009) for Virginia. 

Beegle and Durst (2003) for Pennsylvania, and Vitosh et al. (1995) for Ohio. 

For the purposes of this analysis, overapplication was set at 75 percent more 

than the recommended rate (at the upper end of overapplication found in the 

ARMS data and reported in table 3.3). For example, if the recommended rate 

was 132 pounds ofN per acre, the overapplication scenario used 231 pounds 

(see app. 2). 

The modeled policy goal is that all three nltrogen management criteria be 

met. For demonstration purposes, we used the NLEAP results to assess the 

potential emissions tradeoff-. \vhen method, timing, timing and method, or 

rate BMPs arc adopted by corn 1~\rmcrs. For example, to evaluate the trad­

eotT when timing is improved (rate and method criteria arc already met), we 

compare the NLEAP results for the rate and method BMPs with the results 

for the rate, timing. and method BMPs. Each cropping system is eva1ua1cd 

separately. Because of the volume of results for the eight soils modeled, we 

present only those from the two soils in Ohio (tables 3.8a-d). Results for the 

other States are similar, in terms of the direction of changes. 

All the scenarios show the expected changes in total nitrogen losses. with 

reductions indicating improvements in NUE The NLEAP results were 

consb,tent with the expectation that nitrogen emissions are minimized when 

all three criteria are met. Since nitrogen cycles through different forms and 

ecosystems, the long-term environmental benefits of reducing total nitrogen 

Nitmgen 
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Table 3.8a 
Changes in nitrogen losses resulting from improvements in nitrogen management, NLEAP estimates­
Ohio -Type A soil - conventional tillage 

Without manure With manure 

Management Criterion rate=132 pounds N per acre Criterion rate=198 pounds N per acre* 

improvement Total NO/ N2()6 NH/ Total N03 Np NH3 

Pounds of N per acre 

Continuous corn 

Method' -32.8 7.0 -1.7 -38.1 -17.0 24.6 -1.2 -40.4 

Timing2 ·16.6 -17.4 0.8 + ·16.6 -17.6 1.0 + 

Method+timing3 -33.0 -9.1 0.4 ·23.7 -18.6 11.4 0.8 -30.8 

Rate4 -69.3 -50.6 -0.9 -17.7 -105.1 -81.0 ·1.3 -22.9 

Criterion rate= 102 pounds N per acre Criterion rate= 153 pounds per acre~ 

Corn-soybean 

I 

Method1 -16.6 0.4 ·0.8 -16.2 -14.7 3.8 -0.4 -18.1 

Timing2 -5.7 -6.0 0.3 + -5.2 -5.6 0.4 + 

Method+tlming3 -13.1 -4.2 0.1 -9.0 ·13.8 0.5 0.3 ·14.6 

Rate4 -15.7 ·8.6 ·0.4 -6.8 -37.2 -26.0 -0.6 -10.6 

Note:'Manure 1s applied every other year. Cntenon rate IS met on average over 2-year penod. + 1nd1cates a pos1t1ve but very small change. 
N =nitrogen. N03 =nitrogen trioxide. N20 = nitrous oxide. NH3 =ammonia. 
1Timing and rate best management practices (BMP) are already in plaC€. 

2Method and rate BMPs are already In place. 
3Rate BMP Is already in place. 
4No BMPs are in place. 
5Nitrate loss to water (primarily through leaching but often ends up in surlace water). 
6Ammonia and nitrous oxide loss to atmosphere. 

Source: USDA, Economic Research Service. 

are clear. However, some of the tradeoffs between different forms of nitrogen 
could pose environmental problems. Adopting injection/incorporation always 
increases nitrate leaching, sometimes substantially (more than doubling 
leaching in some cases). Similarly, shifting applications from fall to spring 
(without changing application rate) reJuces nitrate 1o%cs and total nitrogen 
losses but increase!-> N20 emissions as application"> are shifted to generally 
warmer, wetter conditions, which is consistent with the findings of Delgado 
ct al. (!996), Rochette et al. (2004). and Hernandez-Ramirez et al. (2009). 
Because of concerns over greenhouse gas {GHG) emissions. this outcome 
would have to he carefully considered when making recommendations to 
improve nitrogen use efficiency. 

Adopting both method and timing again produces mixed results. NH1 

emissions are always reduced. Leaching is generally reduced. but in Some 
cases where manure is used, it may increase. N")O emissions almost always 
increase. from 5 to 50 percent. depending on lh~ situation. In agreement with 
basic principles of nitrogen management, only reducing the application rate 
guarantees that losses of all three forms of reactive nitrogen arc reduced 
(Mosier et al.. 2002; Meisinger and Delgado. 2002). Based on these findings, 
a recommendation could be that in areas where leaching to drinking wuter 
sources is a concern, improvements in nitrogen use cfticiency could focu,., on 
application rate reductions or improvements in timing. 
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Table 3.8b 
Changes in nitrogen losses resulting from improvements in nitrogen management, NLEAP 
estimates -Ohio-Type A soil - no-till 

Without manure With manure 

Management Criterion rate=116 pounds N per acre Criterion rate=174 pounds N per acre* 

improvement Total NO/ N,QB I NH/ Total N03 NzO NH3 

Pounds of N per acre 

Continuous corn 

Method1 ·29.6 5.6 ·1.1 ·34.1 ·15.6 23.5 -0.3 -38.8 

Timing2 ·27.5 ·28.6 1.1 + ·16.2 ·17.3 1.1 + 

Method+timing3 -40.6 ·20.8 1.1 ·20.9 ·27.3 0.2 1.3 ·28.8 

Rate4 ·53.7 ·37.3 -0.6 ·15.8 ·85.0 ·63.8 ·0.8 ·20.3 

Criterion rate=86 pounds N per acre Criterion rate:= 129 pounds N per acre* 

Corn~soybean 

Method1 ·14.0 0.7 ·0.8 ·13.9 ·12.7 4.7 ·0.1 ·17.3 

Timing2 -9.9 -10.3 0.4 + ·8.6 -9.0 0.4 + 

Method+tim!ng3 ·14.9 -7.6 0.3 ·7.6 ·15.1 ·2.2 0.5 ·13.4 

Rate4 ·15.5 -9.5 ·0.3 ·5.7 ·28.2 ·18.7 -0.4 -9.1 

Note:~Manure is apphed every other year. Cntenon rate ts met on average over 2-year penod. + mdtcates a poslt!ve but very small change. 

N"" nitrogen. N03 =nitrogen trioxide. N20 =nitrous oxide. NH3 =ammonia. 
1Timing and rate best management practices (BMP) are already in place. 
2Method and rate BMPs are already in place. 

3Rate BMP is already in place. 

4No BMPs are in place. 
5Nitrate loss to water (primarily through leaching but often ends up in surtace water). 
6 Ammonia and nitrous oxide loss to atmosphere. 

Source: USDA, Economic Research Service. 

Summary 

The survey data indicate that in 2006, all of the nitrogen management criteria 
were met on an estimated 35 percent of the crop acres treated with commer­
cial and/or manure nitrogen.2 In addition, a high percentage of treated acres 
met at least some of the nitrogen management criteria. Among all crops, corn 
met the criteria the least. and corn accounts for 50 percent of the treated acres 
upon which one or more improvements to management could be made to 
improve nitrogen use efficiency. Improvements in rate. timing, and/or method 
might be needed on 67 percent of corn acres. 

NLEAP-GIS simulation results reported in the literature show that changing 
timing or method of application could potentially increase the loss of one 
type of nitrogen compound. even if total nitrogen emissions decline and NUE 
Increases. NLEAP modeling indicates that only reducing application rates 
ensures that all nitrogen emissJons decrease, in agreement with established 
principlcs of nitrogen management. 

Nitrogen 

box on page ! 7). 
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Table 3.8c 
Changes in reactive nitrogen losses resulting from improvements in nitrogen management, NLEAP 
estimates- Ohio -Type D soil • conventional till 

Without manure With manure 

Management 
improvement 

Criterion rate=-132 pounds N per acre Criterion rate=-198 pounds N per acre" 

Pounds of N per acre 

Continuous corn 

Method 

Timing 

Method+ timing 

Rate 

Corn~soybean 

Method 

Timing 

Method+timing 

Rate 

-28.3 0.7 ·5.0 ·24.0 

-8.1 -9.4 1.3 + 

-20.2 -7.6 1.2 ·13.8 

-56.3 ·44.1 -1.8 ·10.4 

Criterion rate=102 pounds N per acre 

-14.7 ·4.1 ·10.6 

·1.9 ·2.5 0.6 + 

-6.8 -2.1 0.5 -5.2 

-9.3 -4.7 -0.7 -3.9 

·20.0 12.9 -3.1 -29.8 

-12.1 ·13.5 1.4 + 

-17.2 4.6 1.7 ·23.5 

-91.3 -70.9 ·3.0 -17.4 

Criterion rate=153 pounds N per acre* 

·16.2 1.3 -2.2 -15.3 

-2.7 -3.3 0.6 

-12.5 -0.4 0.8 ·12.9 

-27.8 -17.1 -1.4 -9.3 

Note:'Manure Js apphed every other year. Cntenon rate IS met on average over 2·year penod. +indicates a pos1tlve but very small change. 

N =nitrogen. N03 =nitrogen trioxide. N20 = nitrous oxide. NH3 =ammonia. 
1T!ming and rate best management practices (BMP) are already in place. 
2Method and rate BMPs are already in place. 

3Rate BMP is already in place. 

4No BMPs are in place. 
5Nitrate Joss to water {primarily through teaching but often ends up in surface water). 
6Ammon1a and nitrous oxide loss to atmosphere. 

Source: USDA, Economic Research Service. 

Nitroxen Poficy!ERR~/27 
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Table 3.8d 
Changes in reactive nitrogen losses resulting from improvements in nitrogen management, NLEAP 
estimates -Ohio -Type D soil - no-till 

Management 
improvement 

Without manure 
Criterion rate=116 pounds N per acre 

Total NOs" N21J6 NHf 

With manure 
Criterion rate=~74 pounds N per acre* 

Total N03 N,O NH3 

Pounds of N per acre 

Continuous corn 

Method 

Timing 

Method+tlming 

Rate 

Corn~soybean 

Method 

Timing 

Method+tlmlng 

Rate 

-35.4 0.7 -1.4 -34.4 

-21.4 -22.0 0.6 + 

-38.8 -18.3 0.6 -21.1 

-37.3 -20.4 -1.0 -15.9 

Criterion rate::::86 pounds N per acre 

~14.5 0.3 -0.8 ·14.0 

-7.2 -7.4 0.2 

-13.3 ·5.9 0.2 -7.6 

-10.1 -4.0 ·0.4 -5.7 

-25.8 13.6 -0.3 -39.1 

-11.1 -11.8 0.7 + 

-32.2 -4.1 1.2 -29.3 

-66.3 -44.2 -1.8 -10.4 

Criterion rate= 129 pounds N per acre~ 

·16.0 1.6 -17.6 

-6.2 -6.5 0.3 

-16.7 -3.7 0.6 -13.6 

-20.4 -10.5 -0.7 ·9.2 

Note: ·Manure IS applied every other year. Cntenon rate IS met on average over 2-year penod. + md1cates a pos1hve but very small change. 
N = nitrogen. N03 -= nitrogen trioxide. N20 = nitrous oxide. NH3 =ammonia. 
1Timing and rate best management practices (BMPs) are already in place. 
2Method and rate BMPs are already in place. 
3Rate BMP Is already in place. 

4No BMPs are in place. 
5 Nitrate loss to water (primarily through leaching but often ends up in surface water). 
0 Ammonia and nitrous oxide loss to atmosphere. 

Source; USDA, Economic Research Service. 

Niflvgen 
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Chapter4 

Policy Instruments for Nitrogen Reduction 

Base'l on ARMS data, 65 percent or surveyed cropland, or !09 million acres, 
i~ in need of improved nitrogen management. Given nitrogen's effects on the 
environment. improving nitrogen management on vulnerable lands is a policy 
goaL both nationally and regionally. 

Farmers adjust the management of their crops for a variety of reasons. 
Economic factors. such as input or output price changes, may lead to more 
(or less) careful usc of nitrogen inputs. Farmers may also have to consider 
various policy-based incentives for adopting practices that improve nitrogen 
management. Over the years. policy instruments have been employed to 
improve the management of agricultural inputs and resources, USDA conser­
vation programs rely primarily on subsidies for management practices and 
education. USDA also employs compliance mechanisms to protect wetlands 
and highly erodible soils. The U.S. Environmental Protection Agency (EPA) 
is u'ing regulations to address nutrient manag~ment on certain confined 
animal feeding operations. A fe\V Stares have used nitrogen fertilizer taxes 
to raise revenue for nutrient management programs. Such policy approaches 
may have a role to play in increasing the number of crop acres that meet the 
three nitrogen management criteria described earlier. 

Provide Information (Education) 

A lack of knowledge ahout their performance may be preventing farmers 
from using the most efticient nutrient management practices. Education is 
used to provide producers with information on how to farm more efficiently. 
Its success depends on alternative practices being more profitable to farmers 
than current practices (Rihaudo and Horan, 1999). Two practices that can 
lead to more efficient fertilizer usc are soil testing and tissue testing. These 
tests provide information that reduces some of the uncertainty surrounding 
nutrient availability and enables producers to apply fertilizer at rates more 
consistent with plant needs and high nitrogen use efficiency. 

ERS research supports previous findings that nitrogen testing is having 
the desired effect on nitrogen application rates for certain nitrogen users. 
Data from the 2001 and 2005 ARMS indicate that about 21 percent of corn 
t~trmers used a soil or tis~ue test as a basis for their level of nitrogen applica­
tion (table 4.1). Farmers who used commercial nitrogen follO\vecl the recom,· 
mcndations closely. In our sample. their mean application rate of nitrogen was 
136 lbs per acre, and the mean recommended rate based on a nitrogen soil 
test was 137 lbs per acre (table 4.2). 

Compliance with the soil test, however. was much worse for farmer" who 
used both manure and ~ommercial fertilizer. In their case, the recommended 
nitrogen application rate was 123 pounds per acre. And while fanners applied 
only 85 pounds per acre of commercial fertilizer, total ni1rogen application 
rates were 175 pounds per acre when manure was added. 

We compared nitrogen application rates of those t~mners who use soil Nand 
tissue tests with those who do not using regression analysis that accounts 

Policy/ ERR-127 
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Table 4.1 
Factors influencing farmers' nitrogen fertilizer application decision 

Application used 2001 2005 

Percent of farmers 

Soil or tissue test 18.8 27.0' 

Crop consultant recommendation 13.0 17.6' 

Fertillzer dealer recommendation 28.7 41.2' 

Extension service recommendation 3.2 4.6' 

Cost of nitrogen and/or expected commodity price 11.4 17.3' 

Routine practice 70.9 71.7' 

Number 

Observations 1,646 1,344 

·statistically different from 2001 at the 1-percent level, based on pairwise tw<Hai!ed delete-a­
group Jackknife !-statistics (Dubman, 2000) 

Source: USDA, Economic Research Service using data from USDA's 200'1 and 2005 
Agricultural Resource Management Survey, Phase 11, Cost of Production Practices and Costs 
Report. 

lor a number of production, land, and operator characteristics (see app. 3). 
Findings show that soi1 nitrogen testing has a statistically signilkant impact 
on nitrogen application rates. In the case of farmers who usc commercial 
nitrogen exclusively, those who tested the soil applied 73.9 pounds per acre 
less than those who did not, all else equal. Other studies have found soil tests 
to be of similar effectiveness (Wu and Babcock. 1998; Musser et al., !995). 

/\n information-based approach can meet nitrogen efficiency goals only if 
the information provided leads to increased profits lor farmers (Ribaudo 
and Horan, 1999). As long as there are expectations that more efficient 
nitrogen management leads to increased risk or higher costs, then nitrogen 
management goals are unlikely to be met with information alone. However, 
information has proven valuable in support of other policy goals. Education 
can reduce the cost of adopting nitrogen BMPs required by regulation or 
funded through Hnancial incentives. For example, Bosch eta!. ( 1995) found 
that education affected the outcomes associated with a regulation requiring 
nitrogen testing in Nebraska. Producers did not use the infOrmation provided 
by testing unless they received education assistance. 

Financial Incentives 

Financial assistance is an important tool used in many USDA conservation 
programs to promote the adoption of BMPs. Program effectiveness depends 
on how farmers respond to the incentive being offered. When a farmer 
accepts a payment in return fOr adopting a management practice, he or she 
is signaling that the payment at least represents the economic cost of imple­
menting the practice, sometimes referred to as the willingness-to-accept. 
Generally, only the producer knows lhe true cost. This makes it diff1cult for 
program managers lo find the minimum payment rate that entices enough 
producers into the program to achieve the purtlcular environmental goal at 
least cost. 
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Table 4.2 

Influence of soil/tissue nitrogen testing on fertilizer application rates for corn, with and without 
2001 and 2005 

Pounds of nitrogen per acre 
' Commercial nitrogen with 

manure 152 123 ast 175t 
Observations "" 154 

Commercial nitrogen with-
out manure 165 137 136 136 
Observations = 645 

1 Based on mtrogen removed m expected harvest plus 40 percent to account for unavotdab!e nitrogen losses. 

tMeans are statistically different from the recommended nitrogen amount at !he 1-percent level, based on pairwise two-tailed delete-a-group 
Jackknife t-statistics (Dubman, 2000). 

Source: USDA, Economic Research Service using data from USDA's 2001 and 2005 Agricultural Resource Management Survey, Phase 1!, Cost 
of Production Practices and Costs Report. 

USDA's N RCS supports management practices that specifically address tertil­
izer application rate, timing. or method in their standards. The Environmental 
Quality Incentives Program (EQIP) is the largest USDA program that 
provides producers with technical and financial assistance tOr implementing 
and managing BMPs on working t~1rmland. Management practices supported 
by EQIP that can inHuence nitrogen use efficiency include nutrient manage­
ment and waste utilization (for manure). Implementing a nutrient manage­
ment plan directly affects mea!-.ures of stewardship. Nutrient management 
planning addresses the amount, source, placement. form, and timing of the 
application of plant nutrients anti soil amendments (USDA, NRCS, 2006), 
Further, the practice requires the application rate be based on an assessment 
of plant-available nitrogen developed through Land Grant University soil 
and tissue tests or recognized industry practices. ¥/aste utilization guidelines 
specify that rates of application mm.t he compatible with the soirs ability to 

absorb and hold the waste, and methods of incorporation are prescribed t-Or 
liquid manure forms to prevent nutrients from rising to the surface. 

Data from EQIP contracts in force for year 2008 show that participating 
htrmers accepted an average payment of $H.88 per acre for adopting nutrient 
management (table 4.3). A higher per acre payment induced farmers to adopt 
a waste utilization practice ($14.75). Relatively few corn farm operations have 
livestock or a direct source or manure (organic) fertllizcr, and, as reported 
later, the practice can be more costly to farmers than using commercial (inor­
ganic) fertilizer, 

A focus on the Corn Belt reveals variation in the accepted payments for 
the two practices (table 4.3). The variation may stem from cost diftCrences 
within the region that are driven by local conditions. which. in turn, influence 
the State-level payment rate for the practice. To examine how management 
practices can affect a farm's cost of operations, we estimate a cost function 
using a generalized linear regression model estimated with 2001 ARMS data 
(see app. 4). 3 Model results show that several con:-.crvation practices have 

Nitroxen 
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Table 4.3 
Per acre average EQIP payments for conservation practices, 2008 

Doffars per acre 

Nutrient management1 8.88 9.75 7.47 6.12 13.90 10.91 

Waste u!!lization2 14.75 25.95 25.84 10.90 5.83 

1Nutnent management plann1ng addresses the amount, source, placement, form, and t1m1ng of the applicatiOn of plant nutnents and sot! 
amendments. 

zwaste utilization guidelines specify that rates of application must be compatible with the soil's ability to absorb and hold the animal waste, and 
methods of incorporation are prescribed for liquid manure forms to prevent nutrients from rising to the surface. 

Notes: Blank cells indicate no contracts for such practice in that State. 

Source: USDA, Economic Research Service using contract data from USDA's Environmental Quality Incentives Program, fiscal years 
1997·2008, payments made in f1scal year 2008. 

little ertect, on average, on the cost of operation relative to other mclhods of 
management. For example. the difference in operation costs for t~ums using 
nutrient management and for farms not using these practices is not statisti­
cal1y significant. 

Based on results from our cost analysis, we also find that using manure as a 
nitrogen source costs roughly $26.84 more per acre than using only commer­
cial fertilizer. However, we observe a national average per acre EQIP payment 
for the waste utilization of $14.75. and only two States in the Corn Belt 
(Illinois and Indiana) have payment levels that approach the estimated cost 
figure. The results suggest that the EQIP rate is insufficient to entice farmers 
who are not using manure to begin doing so in an environmentally sensi-
tive rnanncr. However. f~Irms with livestock or poultry need to dispose of the 
waste. Therefore. rather than be a practice by choice, waste utilization may be 
a practice that complements the neces~ary disposal of manure, and a payment 
that covers increased production costs may not be a necessary condition for 
the willingncs-; to adopt the practice. 

Not all farmers require a cost share to adopt conservation practices. Cooper 
and Keim (1996) usc farmer surveys to conclude lhat 12 to 20 percent of 
farmers may be willing to adopt practice-. such as split fertilizer applications 
and nutrient testing without financial assistance hut do not do so because they 
lack information or are uncertain ahout the practices' economic performance. 
However. they also find that the adoption rate would not increase heyond 30 
percent unless subsidy rates were substantially increased. A farmer's percep­
tion of the effectiveness of a practice can also influence the decision to adopt. 
Evidence from Lichtenberg and Lessley (1992) suggests that farmers may 
need more than a cost share to overcome perceptions of conservation prac­
tices and the state of environmental quality off-site. 

In some cases. farmers are willing to adopt conservation practices that 
reduce profits if they believe that others will benefit from the subsequent 
change in environmental quality (Bishop et al., 2010; Chouinard et al., 2008). 
For example. based on survey responses from the State of Washington. 
Chouinard ct al. (2008) conclude that farmers would be willing to forgo up 

Nitmgen Policy/ERR-127 
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to $4.52 (median value estimate) in per acre annual profit;;; to implement soil­
conserving stewardship practices. 

The scope of a program's coverage is an important con<;ideration for poli­
cymakers and program managers evaluating the adequacy of the financial 
incentives offered to program participants. In 2008, the financial incentives 
from EQIP encouraged farmers to enroll 4 million acres in the program's 
nutrient management practice. However, because participation in the program 
is voluntary, it is not known if the cropland most in need of treatment was 
enrolled. 

We can usc the data from EQIP and table 3.3 to estimate the cost to improve 
nitrogen use efficiency on those acres needing additional treatment. About 35 
percent of all crop acres meet all three criteria, which means that over 108 
million acres of cropland are not using nitrogen BMPs. Applying the average 
payment rate for nutrient management ($8.88 per acre) to all acres needing 
improved management impiJes annual EQIP payments of $959 million. 
However. the findings from Cooper and Kcim (1996) suggest that higher 
rates would be needed to entice a sizable percentage of t~1rmcrs to voluntarily 
enroll in a program. Assuming a payment rate 50 percent higher results in 
program expenditures of $1.4 billion. This is roughly the current annual 
budget for EQTP. 

Given the potential cost of treating the entire 108 million acres of cropland 
not using nitrogen BMPs, which groups might be rnost important to address 
first? We previously reported that manure users generally apply much more 
total nitrogen to the field than farmers who exclusively apply commercial 
nitrogen. Providing financial assistance for nutrient management on the 7.7 
mHlion acres that received manure and failed to meet the rate criterion would 
cost between $68.4 and $103 million per year. 

Off-Site Filtering for Reducing Nitrogen 
Losses From Fields 

Similar to its efforts aimed at improving nitrogen use efficiency on working 
lands, the Government can provide financial incentives for installing manage­
ment practices that capture nitrogen after it leaves a field, primarily nitrogen 
in water. This analysis estimates and evaluates the cost effectiveness of 
two such measures, wetlands restoration and vegetative tilter strips (VFS), 
assuming that funding is targeted to areas where ni[rogen removal is likely to 
be most effective. 

The Costs of Nitrogen Capture by Restoring Wetlands 

Our analysis of wetlands restoration focuses on the Glaciated Interior Plains 
(GIP), where models of wetlands nitrogen removal have been developed. The 
GIP includes major parts or all of Ohio. Minnesota. Wisconsin, Michigan, 
Iowa, lllinois. and lndiana-major corn-producing States. This area is also an 
important source of nitrogen that reaches the Gulf of iVlexico and contribtHcs 
to the hypoxic zone (Goolsby et al.. 2001; Robertson et al.. 2009). Wetlands 
in other parts of the United States can also reduce nitrogen loadings. But. 
because of regional differences in ecosystems, we do not extrapolate our find­
ings to other areas. 
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Wetlands once made a large portion of land on the GIP (fig. ·.:i-.1). Water 
tahlcs were lowered to by installing underground 
tile and surface drainage systems. drainage systems become conduits 
t{)r the rapid movement of nitrate from fi~kls to \Vater resources. 

The costs of creating wetlands vary \Vidcly as do 
wetlands. Costs arc driven by the cnst or the land and 
wetland ecosystems. Nitrogen removal depends on the rate of nitrogen 
nitrogen concentration, seasonal variations in flow, wetland size. and other 
factors. 

We use the USDA Wetland Reserve Program (WRP) contract data for the 
GlP to estimate multinomial land and restoration cost functions (see 
5L With these functions. \VC generate county-level cost estimates th''"""'""" 
the GTP. The objectives of the \VRP are to enhance. restore. and preserve 
wetlands. As of October I. 2009, the WRP enrolled 2.18 million acres, with 
wetlands in every State. Along with the land and restoration cost variables, 
the WRP contract data contain information on the size and the county loca­
tion of each contract. The land (wetland easement) cost variable represents 
the difference between the agricultural value of the land and the value of 
the land with a wetland easement. The easement requires that the landowner 
maintain the health of the ecosystem. Data for other variables in our analysis 
come from the NASS agricultural census. Across the counties within rhe GTP, 
wetland easement costs range from $1,490 to $3,030 per acre, as generated 

our estimated land cost function. Expected wclland restoration costs range 
$506 to $602 acre. Anmw.Jizing over perpetuity with a discount rate 

of 5 percent. we that the median annual expected cost of restoring 
and preserving \l;'etlands is $153 per acre per year (table 4.4). Because 
marginal costs are less than average costs, one can expect average per acre 

FJgure 4.1 
Historical wetlands converted to cropland, by county, 1997 

1997 

Nitrogen ln Agricultural Svstcms· 



167 

VerDate Aug 31 2005 09:17 Jun 02, 2017 Jkt 000000 PO 00000 Frm 00173 Fmt 6633 Sfmt 6633 S:\_EPW\DOCS\24963.TXT VERNE 24
96

3.
31

1

Table 4.4 
Costs of nitrogen removal by wetlands 

Wetland cost 

$/acre 

Marginal cost 77 

Average cost 153 

N removal rate = 
142 lbs/ac 

0.54 

1.08 

N removal rate = 
2141bs/ac 

N removal rate = 
450 lbs/acre 

$1/b of N removed by wetland 

0.36 0.17 

0.71 0.34 

N removal rate 
1 ,000 lbs/acre 

0.08 

0.15 

Note: Because margtnal costs are less than average costs, per acre costs would be lower for larger wetlands. N = mtrogen. 
Source: USDA, Economic Research Service using data from Mitsch eta!., 1999 (142 and 214 pounds per acre) and Crumpton eta!., 
2008 (450 and 1,000 pounds per acre). 

costs to be lower for larger wetlands and potentially more cost effective as a 
nitrogen filter, all other things being equal. 

Wetlands remove most nitrogen through denitrification (Crumpton et al.. 
2008), which converts nitrate to nitrous oxide (N20). However, there is a 
general belief, supported by a limited number of studies, that N,O releases 
are a very small portion of nitrogen removal, even in wetlands with elevated 
nitrogen loadings (EPA, 2010b). Researchers estimate that N20 accounts 
for between 0.13 and 0.30 percent of total annual wetland nitrogen loss 
(Hernandez and Mitsch, 2006; Crumpton et aL 2008). The reported rates of 
NoO releases by wetlands are similar to estimated releases on cropland in the 
Midwest, so restoring wetlands is likely to have no net effect on N20 emis­
sions (Crumpton et al., 2008). 

Crumpton et al. estimate that nitrogen loads to surface water could be 
reduced by 30 percent (-500 million pounds) in the Upper Mississippi and 
Ohio River basins with the addition of 0.5 to 1.1 million acres of strategically 
placed wetlands, for an average per acre reduction of 450 to 1,000 pounds 
per year. These removal rates assume an optimal placement of the restored 
wetlands-areas with a high water !low with high nitrogen concentrations. 
Mitch et al. (1999) estimate that wetlands in the Midwest remove 142 to 
214 pounds per acre of nitrogen per year. The researchers assume that the 
wetlands are well constructed and placed, but their estimates are based on 
a wide range of nitrogen concentrations and hydrologic flows. Each study 
includes multiple wetlands and a variety of flow conditions and nitrogen 
concentrations. 

The unit cost of nitrogen removal by wetlands, based on nitrogen removal 
rates of 450 to 1,000 pounds per acre per year reported by Crumpton et al. 
(2008). is $0.08 to $0.34 per pound (table 4.4). Based on the removal rates of 
142 to 214 pounds per acre per year reported by Mitch et al. (1999), unit cost 
ranges from $0.71 to $1.08 per pound. 

The Costs of Nitrogen Capture Using Vegetative Filter Strips 

Vegetative filter strips present another oft'-field option for capturing and 
removing nitrogen from runoff and subsurface waters. The cost of a YFS 
tends to be lower than the cost of wetlands restoration. The VFS cost has two 
components: the opportunity cost of holding the land out of production and 
the cost of establishing cover (e.g .. grasses. trees, ur both). Cropland rental 
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rates are an economic measure of the opportunity cost of taking cropland 
out of production. We assume that average cropland rental rates are equal to 
the economic return to land converted to a VFS. Based on the distribution 
of corn acreage reported in the 2005 ARMS and county-level rental data 
provided by NASS, the annual opportunity cost of converting corn cropland 
into a VFS is estimated at $94 per acre. 

We assume that the cost of establishing vegetative cover is about the same as 
establishing cover on land retired in USDA's Conservation Reserve Program 
(CRP). CRP data do not specify cost by cover type, but data do provide 
insights on the range of costs. Across the 25111 , 50111 , and 75'11 percentiles, 
cover costs are $16, $35. and $60 per acre. Because establishing forest cover 
is more costly. the lower percentile costs likely reflect the cost of establishing 
grasses. 

The cover cost is a one-time investment. We annualized this cost by assuming 
that it is to last for the foreseeable future and a 5-percent discount rate. 
Together, the land and cover cost would total approximately $95 to $97 per 
acre per year, with the higher estimate more likely representative of the use of 
tOrest cover. 

Mitch et a!. (1999) tabulate several plot studies with a focus on the quantity 
of nitrogen removed across varying sizes of filter strips and levels of nitrogen 
inflow. They apply their findings to nitrogen runoff rates typical of those in 
corn-producing areas and estimate that properly designed forested riparian 
VFS will remove approximately 17.8 to 53.0 pounds of nitrogen per acre with 
strips ranging in width from 10 to 50 feet (Mitch eta!., 1999, pg. 47). 

At an annual nitrogen runoff removal rate of 17.8 to 53.0 lbs per acre and a 
forested VFS cost of $97 per acre, VFS nitrogen removal costs are estimated 
to range from $1.83 to $5.45 per pound of nitrogen. The cost estimate is a 
weighted average across the corn-producing areas of the GIP. 

Results suggest that, within the GIP, wetlands can be much more cost effec­
tive at removing nitrogen than VFS, primarily because of their substantial 
nitrogen removal rates. Within corn-producing regions, especially in areas 
where tlelds are tile drained. water moves quickly through and passes under 
root zones, rendering VFS ineffective. On the other hand, VFS can be estab­
lished in many landscape settings where wetlands cannot. 

The wide range in nitrogen removal rates by wetlands reflects, at least in part. 
the advantage of targeting wetlands to areas where they are likely to be more 
effective-areas where wetlands capture large quantities of water with high 
nitrogen concentration rates. But even the low nitrogen removal rates of 142 
to 214 pounds per acre reported by Mitch et al. are three or more times the 
removal rates of VFS. Additionally, the rich wetland ecosystems have the 
potential of providing a greater array of environmental services than those 
delivered by VFS. 

Participation in Emissions Trading Programs 

An alternative to publicly provided financial incentives for adoption of 
conservation practices is for private markets to pay farmers to adopt 

Ni!rogen Implications Fbr Conservathm Policy I ERR-127 
Research Scrvicc!USOA 
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management practices that produce ecosystem services valued by consumers 
(the public). Emissions trading uses markets to efficiently achieve pollution 
targets. The development of markets for ecosystem services is characterized 
by uncertainties about whether viable markets for public goods can exist. 
but the EPA and USDA arc promoting emissions trading markets for water 
quality and greenhouse gases as a way of reducing the costs of meeting envi­
ronmental goals. Agriculture has a potential role to play in both markets. 

Water Quality Trading Program 

The promise of emissions trading, along with the real-world success of air 
emissions trading, has led to the creation of water quality trading markets in 
a number of impaired watersheds. Under the Clean Water Act, point sources 
(e.g., factories, sewage treatment plants) were initially regulated through 
a nontradablc permit system. A permit specifies how much of a particular 
pollutant the permit holder can discharge. Traditionally, permit holders were 
required to meet their permit obligations through their own effluent reduc­
tions. EPA policy guidelines on water quality trading now allow point sources 
to meet their Water Quality Based Effluent Limitation requirements through 
discharge reductions from other sources under certain conditions. including 
agricultural nonpoint sources (EPA, 2004). The guidelines encourage 
States to consider agriculture as a source of offsets in water quality trading 
programs, and a number of States are either implementing or considering 
water quality trading programs that allow point/nonpoint source trading. 
There appears to be many opportunities for point/nonpoint trading programs 
to be established. Almost 7,000 water bodies impaired by nutrients (pollut­
ants produced by both point and nonpoint sources) have been listed under 
Section 303(d) of the Clean Water Act (EPA. 2009). To date, over 4,000 Total 
Maximum Daily Loads (TMDLs) have been developed to address 5.000 
of these impaired waters. The presence of a TMDL is a basic requirement 
for a trading program. as it creates the demand for credits (Ribaudo eta!., 
2008). Agriculture is a major source of nutrients in most of the watersheds 
containing impaired waters (Ribaudo and Nickerson, 2009). The marginal 
cost of reducing nitrogen Joss from cropland is generally less than the 
marginal cost of reducing nitrogen discharges from point sources (primarily 
sewage treatment plants) (Camacho, 1992; Shortie. 1990). 

Forty water quality trading programs have been created in the United States 
since 1990 (Breetz et al., 2004). Fifteen include production agrieultllre as a 
potential source of credits for regulated point sources, most often for nutrients 
(nitrogen and phosphorus). However. point/nonpoint trading has not been 
very successful. at least in terms of the participation of potential traders and 
the number of trades between regulated sources and farms (Brectz eta!., 
2004). 

Regulators designing point/nonpoint trading markets must contend with 
uncertainty about sources and levels of emissions, the effectiveness of best 
management practices. the water quality impacts of emissions from different 
sources, and farmer willingness to participate in a market driven by regula­
tion (on point sources) (Hoag and Hughes-Popp, 1997; King, 2005; King and 
Kuch, 2003; Woodward and Kaiser, 2002; Ribaudo and Gottlieb, 2011; Horan 
and Shortie. 2011). The failure of current programs to perform as advertised 
can largely be attributed to failures of market design and program rules to 
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adequately address these issues, or the high transactions from incorporating 
uncertainties into market design. 

One issue that has particular relevance for addressing nitrogen pollution 
is the baseline used for calculating credits. The EPA defines a baseline 
participation requirement as the pollutant control requirements that apply to 
a seller in the absence of trading (EPA. 2007). EPA suggests that practices 
generally accepted as good management define a baseline for agriculture, 
under an assumption that all farms would eventually adopt these practices 
voluntarily. Some practices that States have used in trading programs to 
define a baseline include the use of filter strips or a nutrient management 
plan (Wisconsin DNR, 2002; Pennsylvania DEP, 2008). However, the issue 
is that our survey data indicate that very few crop acres would meet these 
baseline requirements as the percentages of cropland with filter strips or 
nutrient management plans arc only 6.8 and 5.0, respectively, meaning that 
most crop acres would not be able to participate in a trading program until 
the baseline requirements were met. If the incentives from a credit market 
are insufficient to induce farms that have not already voluntarily adopted the 
minimum set of practices to incur the cost of meeting the baseline require­
ment, then these farms will continue unabated discharge. This entry cost 
would therefore potentially limit participation and adversely affect the effi­
ciency of the market (Rihaudo and Gottlieb. 201 l; Ghosh et al., 2011). 

Greenhouse Gas Mitigation 

Another emissions market that might influence nitrogen management deci­
sions in agriculture is an offset market tor mitigating emissions of C02 and 
other greenhouse gases, such as nitrous oxide (N20). Nitrous oxide is a 
powerful greenhouse gas (310 times the global warming potential of C02 
over 100 years) and can be emitted from fields receiving nitrogen fertilizer 
(see chapter 2). A trading program for nitrous oxide emissions would have 
many of the same design and implementation issues of point/nonpoint trading 
for water quality. One would expect that the use of models for predicting 
reductions, based on ileld and management characteristics, would figure 
heavily in any trading program. 

We use NLEAP resu Its and ARMS cost data to determine changes farmers 
might make given the opportunity to participate in an offset market for N/) 
reductions by producing credits and likely environmental tradeoffs. These 
analyses were conducted across different management scenarios and general 
hydrologic soils (e.g., well-drained soils with a large leaching potential versus 
poorly drained soils with a low leaching potential) from selected counties in 
Virginia. Ohio, Pennsylvania, and Arkansas. 

For each soiL we identified the changes a farmer might make in nitrogen 
management practices to produce N20 reductions (offset credits) at the lowest 
cost while meeting a requirement that total nitrogen emissions (the sum of 
N03• N20, and NH3 losses) not increase. In other words, trading rules do not 
permit a management change that reduces N,O but increases total nitrogen 
emissions. Changes in cost are defined as the difterencc in average variable 
costs (chemicals. fuel, and electricity) and value of lost production (changes 
in yields). We assumed tanners would maintain the same basic cropping 
system and alter timing, method, or application rate only. A description of 

Ni!rogen 
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NLEAP and the cost model and assumptions are presented in appendices 2 
and 3. 

Table 4.5 summarizes the nitrogen managernent systems that fanners evalu­
ated in the mode! would adopt to produce credits at the lowest cost. given 
basellne practices. For example, of the 64 farm types not meeting any of the 
criteria prior to a market ("None" in the baseline criteria column). 17 would 
reduce the application rate to the criterion rate, 10 would reduce the rate and 
inject/incorporate nitrogen. 1 would reduce the rate and apply nitrogen in the 
spring, and 36 would adopt all three management choices. The choice depends 
on the soil type, climate, rotation. tillage practice, and nitrogen source. 

The results highlight the importance of meeting the application rate criterion 
for reducing both N")O and total reactive nitrogen. For all farms not meeting 
the rate criterion, reducing application rate either alone or in combination 
with another practices was selected to reduce N-)0. Method or timing was 
never the sole practice adopted by l~mns to reduCe N")O emissions. Model 
results also indicate that l4R of the 512 tarming systems will not be able to 
reduce N")O emissions by meeting the rate. timing, or method criteria. For 
example, ~1one of the 64 farm types meeting lhe rate and method criteria at 
the start of a market can reduce N/) emissions by also meeting the timing 
criterion. 

Table 4.6 provides more detail for one soil in Ohio. It shows the reduction in 
N")O that \Vould be generated for each decision a farmer in a particular base­
li~e situation could make and credit revenue earned assuming a carbon price 
of $15 per ton of CO, equivalent." The range of N,O reductions presented 
here is similar to that lound for the other soils modeled with NLEAP. 

Criteria 1 met after changing 
management 

Criteria 1 met in baseline 

None 

Method 

Rate 

17 10 

16 17 

19 42 

1 

3 

Timing 63 

Rate and method 64 

Rate and timing 3 23 1 

Timing and method 31 

Rate, timing, and method 
1Cntena are appropnate rate, t1mmg. and method of n1trogen application {see chapter 3). 

4Ba-.cd on EPA analy:.i'> of !h.: 
American Clean 
Act of 2009, I I R. 

I 36 

28 

3 

1 

37 

33 

64 

Total 
model 
farms 

64 

64 

64 

64 

64 

64 

64 

64 

Note: N"" nitrogen. NLEAP"' Nitrogen Leaching Environmental Analysis Project N20 =nitrous oxide. C02 ""'carbon dioxide. A total of 512 
cropping systems are evaluated with NLEAP, 128 each ln Arkansas, Ohio, Pennsylvania, and Virgmla. Each rota· 
tion (continuous corn, corn soybeans), tillage practice (conventional, no-till), nutrient source (inorganic, manuna+irroro:ani>ol. 
(before planl!ng, at/after planting), method (Inject/incorporate, broadcast) and application 

Source: USDA, Economic Research Service. 

Nitroren 
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Table4.6 
How a corn farmer may change N management in a market for nitrous 
oxide (N20) greenhouse gas emissions with credit payments of $15/ 
ton of carbon dioxide equivalent for a model Ohio farm on Ottoke soil 

Baseline practice 
Practices after 

N20 reduction Credit revenue 
N20 credit offered 

Pounds per acre Dollars per acre 

CC-CON-MF 

M RTM 0.9 2.09 

RM No change 0.0 0.0 

R RM 0.3 0.70 

RTM No change 0.0 0.0 

RT RM 3.4 7.90 

TM RT 3.0 6.98 

T RT 4.4 10.23 

NONE RTM 0.8 1.86 

CC·CON-OF 

M RTM 0.3 0.70 

RM No change 0 0 

R RM 0.6 1.40 

RTM No change 0 0 

RT RTM 2.7 6.28 

TM RT 0.9 2.09 

T RT 3.1 7.21 

NONE RTM 0.8 1.86 

CC-NT-MF 

M RTM 0.2 0.46 

RM No change 0 0 

R No change 0 0 

RTM No change 0 0 

RT RTM 0.5 1.16 

TM RT 3.3 7.67 

T RT 2.8 6.51 

NONE RM 0.9 2.09 

CC-NT-OF 

M R 1.1 2.58 

RM No change 0 0 

R RM 0.2 0.46 

RTM No change 0 0 

RT RTM 1.7 3.95 

TM RT 1.4 3.26 

T RT 2.8 6.51 

NONE R 0.9 2.09 

•• contmued 
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Table 4.6 

How a corn farmer may change N management in a market for nitrous 
oxide (N20) greenhouse gas emissions with credit payments of $15/ 
ton of carbon dioxide equivalent, for a model Ohio farm on Ottoke soil 
-- continued 

Baseline practice 
Practices after 

N20 credit offered 

CS·CON-MF 

M RTM 

RM No change 

R RM 

RTM No change 

RT RM 

TM RT 

T RT 

NONE RTM 

CS-CON-OF 

M RTM 

RM No change 

A AM 

RTM No change 

AT ATM 

TM ATM 

T RT 

NONE RTM 

CS-NT-MF 

M AT 

RM No change 

R No change 

RTM No change 

RT RM 

TM RT 

T RT 

NONE RM ---· 
CS·NT·OF 

M R 

AM No change 

R RM 

RTM No change 

RT RTM 

TM RTM 

T RT 

NONE R 

Note: N ~ mtrogen. CC c?ntinuous corn:. C~ 
NT"' no~til!, MF"' manure+morganic N, OF= 
R = N rate is less than 40% more than N 

Source: USDA, Economic Research Service. 

N20 reduction Credit revenue 

Pounds per acre Dollars per acre 

0.6 1.40 

0 0 

0.2 0.46 

0 0 

1.3 3.02 

1.6 3.72 

1.7 3.95 

0.2 0.46 

0.2 0.46 

0 0 

0.3 0.70 

0 0 

1.2 2.79 

1.1 2.56 

1.2 2.79 

0.5 1.16 

0.2 0.46 

0 0 

0 0 

0 0 

0.8 1.86 

1.4 3.26 

1.4 3.26 

0.5 1.16 

0.2 0.46 

0 0 

0.2 0.46 

0 0 

1.3 3.02 

1.1 2.56 

1.4 3.26 

0.5 1.16 

:~i_'M= 
CON ~conventional till, 
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Even though our sample or cropping conditions is very small, we believe 
we can still make some inferences from the results. We found that if the 
baseline system is not meeting the application rate criterion, application 
rate will be reduced to produce credits. either alone or in combination 
with timing or method; reducing the application rate is generally the most 
cost-effective means of reducing N')O emissions. Adopting method and/ 
or timing BMPs alone cannot redu~e N')O emissions or can do so only by 
reducing overall nitrogen use efficiency: which is not permitted under our 
simulated market rules. 

Farms already meeting both the rate and method criteria will only be able to 
reduce N')O emissions by reducing their application rate below recommended 
rates. Th~ NLEAP modeling indicates only small reductions in N,O when the 
application rate is reduced to a level below the criterion rate. This -is consis­
tent with field studies that indicate a nonlinear relationship hetween excessive 
N application rates and N'}O emissions (Jarecki et al., 2009; McSwiney and 
Robertson, 2005). Excessive nitrogen inputs accelerate the rate of N.,O emis­
sions, For example, reducing the application rate from the criterion r"Utc to 25 
percent below the recommended rate only reduces N,O by between .2 and 1.3 
pounds per acre for the Class A (well-drained) soil it; Ohio. depending on the 
cropping system. Assuming a credit rate of $15 per ton of CO., equivalent, 
this translates into a payment of between $0.46 and $3.02 per "acre. These 
rates are insufficient to cover the 10-pcrccnt reduction in corn yields that 
we assume would occur for such a reduction inN (Bock and Hergert. 1991). 
Even for smaller N reductions. it is unlikely that revenue from GHG credits 
would be sufficient to cover the increased risk from cutting N application 
rates to something close to plant uptake. However, higher offset prices could 
increase the in~entive to cut application rates to reduce N20 emissions, even 
when yields might be affected. 

When we apply these results to the survey results summarized in table 3.3, 
we conclude that farmers with treated corn acres meeting the rate, timing, 
and method criteria or the rate and method criteria (about 42 percent of all 
corn acres) will not likely participate in a GHG cap-and-trade program that 
would allow fanners to sell offsets from N'}O reductions. These farms cannot 
make any management changes to reduce N,.,o without reducing overall 
nitrogen use efficiency, which would violate -a market rule. The treatment of 
such "good stewards" in an emissions trading program is an important policy 
issue. 

The potential revenue from GHG t:redits produced by reducing N..,O appears 
to be quite small. In the Ohio example, only a 1Cw situations arc c"Upablc of 
producing credit revenue of over $5 per acre, assuming a credit price of $15 
per ton of CO'} equivalent (and the results are similar for the other States 
studied). Thcs .. e ratC.s arc less than the rates farmers could receive for nutrient 
management from EQIP, which is a measure of farmers' willingness to accept 
payment tOr the practice (table 4.3), Tn genera]. farms ovcrapplying nitrogen 
and broadcasting f'Crtilizer can produce the largest reductions in N-.,0. 
However. only 8.3 percent of corn acres fall in this category (see Hible 3.3). 
While we fOund that changes in operating costs after changing management 
are near 0 or even negative in most cases, we did not consider short-term 
adjustment costs, changes in risk, or the administrative costs of participating 
in an offset program. In the case of farms that also have animals, we did not 

Policy I t'RR-127 
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consider the cost or moving manure produced on the farm to more acres (to 
reduce application rates), or of moving cxct~ss manure off the farm entirely 

(Ribaudo eta!., 2003)-all of which would reduce farmer participation below 

the rates estimated here. 

One issue of concern is the possibility that reducing N20 could increase 
nitrate losses to water. As described in chapters 2 and 3. changes in manage­
ment could change conditions in the soil so that gaseous forms, such as N20. 
are converted to highly soluble nitrate (NO,). [t might seem that allowing 
only management changes that do not increase total losses of nitrogen 
would prevent this, but we found otherwise. In 25 percent of the cases 
where management changes were made to reduce N/l. N03 losse-; to water 
increased, even though total nitrogen emissions tell. This occurred almost 
exclusively when the rate criterion was already being met and injection/lncor~ 
poration was adopted as an additional practice. While overall N20 and total 

nitrogen losses decreased. water quality worsened. Such an outcome would 
be a concern in regions trying to address water quality problems. such as the 
Corn Belt, where corn production is the major source of nitrogen contrib­
uting to hypoxia in the Gulf of Mexico. Including these tctctors in the analysis 
would likely further reduce the net value to society of producing GHG offsets 

through N20 embsion:-. reductions. 

Response to Price Changes, and What It 
MeansforanlnputTax 

Input prices can influence a farmer's planning. For example, ]ow fertilizer 
prices can lead to ·'insurance·· applications of fCrtilizer that reduce overall 

nitrogen use efficiency. Increases in tCrtilizer prices relative to other input and 
output prices through the usc of an Input tax would likely decrease fertilizer 
use and reduce the nurnher of acres receiving excessive rates. Several States 
have levied fertilizer taxes in the past but only at low levels that had little 

impact on use. 

The effectiveness of an input tax in reducing: excessive application rates 
would depend largely on the responsiveness of farmers to changes in nitrogen 
prices. Data from studies spanning several decades reveal that responses to 

a price change (known as the price c!a~ticity) can vary widely, depending on 
the data source and time period covered, the type of econometric methods 
used to analyze the data, the number of crops covered. and the type of crop 
to which the nitrogen fCrtilizcr is applied. \Vhile no true conscn->us exists. 
study finding:-. generally show that nitrogen demand was relatively insensi­
tive to price. Burrell (1989) provides a convenient summary of 14 empirical 
demand studies through the 1980s. Of those 14 studies, only 4 report elastici­

ties greater than unity. Estimates were generally in the range of -0.20 to -0.70, 
implying that a 10-percent increase in the price of fertilizer reduced demand 
by 2 to 7 percent (see, t<.>r example, Grilichcs (1958): Carman (1979); Ray 

(1982); and Shumway (1983)), 

Denbaly and Vroomen (1993) use cointegrated and error-corrected models 

with time series data from 1964 to 1989 to estimate short- and longrun 
Marshall ian elasticities. They report a shortrun Marshallian elasticity of -0.21 
and a longrun elasticity of -0.41. Hansen (2004) estimates nitrogen fertilizer 

flolicr I ERR-127 
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demand of farmers in Denmark using an unbalanced panel spanning 1982-91. 
He concludes that nitrogen demand is similarly insensitive to own-price. with 
an elasticity of -0.45. 

Not all studies found the price elasticity of demand f(x nitrogen fertilizer to 
be inelastic. Carman (1979) examines the nitrogen demand in 11 Western 
States and finds significant State-level variation ln elasticities. Statistically 
significant elasticity estimates in Carman's study range from -0.55 to as large 
as -L84. His study shows that demand can vary significantly even within 
a region. Roberts and Heady (1982) also use annual time-series data from 
the United States, but spanning 1952-76. and find price elastic demand for 
nitrogen applied to corn ( -l.J4R). In a study of aggregate tertilizer, Weaver 
(19R3) investigates the demand in just two States, North Dakota and South 
Dakota, and linds fertilizer demand to be highly clastic. ranging from -1.377 
to -2.156. 

Some evidence suggests that farmers may be becoming more sensitive 
to changes in fertilizer prices. Using 2001 and 2005 field-level data from 
ARMS, we estimate a demand elasticity or nitrogen fertilizer of -1.38 for 
farmers who applied commercial nitrogen fertilizer to corn (app. 3). Stated 
another way. if the price of nitrogen fCrtilizer was to rise by 10 percent, 
fanners wouJd reduce the amount applied hy 13.8 percent. At the mean 
amount of commercial nitrogen) such a change in price would result in a 
decrease of IS.21bs of fertilizer per acre.5 

T'v1anurc can also he used as a source of nitrogen nutrients, usually in conjunc­
tion with commercial nitrogen fertilizer. In the ARMS sample. slightly 
less than a quarter or corn farmers applied manure to the tlcld, and all of 
them did so in conjunction with commercial nitrogen. When the analysis 
is expanded to include these farmers. we find a demand elasticity of -0.67; 
that is, for every 10-percent increase in the price of con1mercial nitrogen 
fertilizer, f~trmers reduce their usc of nitrogen (organic and inorganic) by 
about 7 percent. The results are driven by farmers who use both manure and 
commercial nitrogen: we find they arc relatively less sensitive to the price of 
commercial nitrogen fertilizer than farmers who apply commercial nitrogen 
exclusively, which is consistent with the idea that manure and inorganic forms 
of nutrients are imperfect substitutes. Also. manure management decisions on 
farms with animals might be driven less by nitrogen prices than by the need 
to dispo>e of manure (Ribaudo et al., 2003). 

The estimates of price elasticity can be used to provide a rough estimate of 
the tax that would be needed to reduce, application rates so that more acres 
meet the rate criterion. Figure 4.2 displays the distribution of the nitrogen 
application rates that represent the criterion rate de:-.cribed in chapter 3. In 
the case of farmers who used commercial nitrogen exclusively, we have esti­
mated an average criterion application rate at 170.8 lbs per acre for produc­
tion year 2005. Thirty-five percent of the 76 million corn acres treated with 
nitrogen exceeded their criterion rate (26.7 million acres). and farmers who 
exceeded their criterion rate had a mean rate of 185.5 pounds per acre. From 
the distribution depicted in figure 4.3. the concentration of farmers near 
zero indicates that most of the farmers who applied nitrogen at rates above 
the criterion rate are situated near the threshold (also seen in table 3.3). In 

5Thc mean commercial nitrogen 
application rate in our ~ample was 
l29.72lhs per acre. 
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Figure 4.2 

Distribution of criterion rates 1 for corn, based on reported expected 
yield, 2005 

Percent 

0 50 100 150 200 250 

Pounds per acre 

1Criterion rate defined as nitrogen removed at harvest plus 40 percent, based on the 
farmer~stated yield goa!. 

300 

Note: The kernel density, represented by the smooth line, is an estimate of the continuous 
density using an Epanechnikov kerneL 

Source: USDA, Economic Research Service using USDA's 2005 Agricultural Resource 
Management Survey. 

Figure 4.3 
Distribution of nitrogen fertilizer applied to corn that exceeded 
the criterion rate, 1 2005 

Percent 
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Pounds per acre exceeding criterion rate 

1Critedon rate defined as nitrogen removed at harvest plus 40 percent, based on the 
farmer-stated yield goal. 

400 

Note: The kernel density, represented by the smooth line, is an estimate of the continuous 
density using an Epanechnikov kernel. 

Source: USDA, Economic Research Service using USDA's 2005 Agricultural Resource 
Management Survey. 
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fact, 50 percent of fanners who exceeded the criterion rate exceeded it by 19 
pounds per acre or less. 

Table 4.7 provides a summary of the input tax needed to reduce the excess 
use of nitrogen by farmers who exceed their criterion rate, evaluated for 
differing levels of demand elasticity. From the table it is evident that the more 
clastic the demand, the less the price must change to reduce excessive appli­
cation rates. A highly incla~tic demand for nitrogen, for example -0.20, would 
require more than a 50-percent increase in the price to achieve a 50-percent 
reduction in excess app1ication. To achieve a reduction of 75 percent, the price 
would have to more than double. 

Based on our estimated elasticity of -1.38, if an input tax increased the price 
of nitrogen by 7.4 percent, 50 percent (about 13.4 million acres) of the 26.7 
million overtreated acres would then meet the rate criterion. Seventy-five 
percent of heavy nitrogen users exceed the criterion rate by 43.4 pounds per 
acre or less; thus, raising the price of nitrogen by l7 percent would reduce 
cropland exceeding the criterion rate by 20 million acres. For context, 
consider the mean price of nitrogen h:rtilizer in 2005 was 33 cents per pound; 
therefore, a 7.4-perccnt change in the price equates to slightly more than 2.4 
cents per pound, and a 17-percent change equates to less than 6 cents per lb. 

As a policy instrument, a tax on inputs has some desirable characteristics 
as well as some well-known drawbacks. First, a tax gives farmers flexibility 
in how they reduce emissions. Farmers face heterogeneous costs, and a tax 
enables fanners to tailor their input reo;;ponses (nitrogen abatement) accord­
ingly (Ribaudo et aL 1999). In the case of nitrogen, an input tax directly 
affects the farmer's decision that has the largest impact on nitrogen losses to 
the environment. lt would nlso encourage a farmer to manage nitrogen more 
carefully. which could lead to appropriate timing and method of application. 
A tax does not require monitoring or enforcement, unlike a reguJation. It 
can also be c.asily mUusted if policy goals are not met or exceeded. Another 
advantage of an input tax is that it raises revenue while reduclng application 
rates. The revenue could he used to reduce the tax burden of crop producers 
through a system of lump-sum rebates to those producers who improve 

Table 4.7 
Fertilizer price increases needed to reduce excess nitrogen' 
applications by 50 percent and 75 percent 

Reduce excess nitrogen application by· 

Elasticity of f----:c--50 percent 75 percent 

nitrogen fertilizer Necessary Necessary 
demand price change Tax price change Tax 

Percent Dollars Percent Dollars 

-0.20 51.2 0.169 117.0 0.386 

-0.50 20.5 0.068 46.0 0.154 

-0.70 14.6 0.048 33.4 0.110 

-1.00 10.2 0.034 23.4 0.077 

-1.38 7.4 0.024 17.0 0.056 

Note: t Excess nitrogen apphcaMn IS defined as rate exceed1ng 40 percent more than 
nitrogen removed at harvest {see chapter 3). 

Source: USDA, Economic Research Service. 

Nitmgen 
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nitrogen use efficiency. R-evenue can also be used to remedy damages caused 
by nitrogen losses, 

A tax on an input also has drawbacks, An input tax makes no distinction 
between whether fertilizer is in excess or not. A tax on nitrogen may also 
encourage increased usc of untaxed manure, resulting in no disccrnable 
change in nitrogen applications where manure is readily available. 

The question of who hears the burden of the tax, also known as the incidence, 
can have notable distributional consequences. Slatutorily, the incidence of 
the tax could fall on the wholesaler or retailer of nitrogen fertilizer; however, 
the true, or economic, incidence is likely to be shared with the farmer. How 
much so is an empirical question that relies on the relative sensitivity of 
farmers to the price change, as well as the cla:-.ticity of the supply of nitrogen: 
the more sensitive a farmer's demand for nitrogen is. the less of a burden he 
or she will bear. all else equaL The supply of nitrogen fertilizer is projected 
to more than meet the demand over the near term; therefore, the standard 
assumption is that the burden of the excise tax would be considerably shifted 
to the consumer of the good, in this case the farmer (Fullerton and Metcalf, 
2002; FAO, 2008). While corn production in the United States accounts for 
39 percent of the world's total corn production. the ability of US farmers to 
pass along the cost of the tax will depend on the relative elasticities or supply 
and demand for corn (USDA, FSA, 20!!), While a factor tax on nitrogen may 
improve welfare from society's point of view, ultimately, the tax will change 
the functional distribution of income. The distributional impact may be miti­
gated if revenues raised by the tax are returned to the fanner in some manner. 
for example, by supporting other conservation activities. 

Nifl·ogen Compliance 

Compliance provisions require farmers to meet some minimum standard of 
environmental protection on environmentally sensitive land as a condition for 
eligibility for many Federal thrm program bencflts, including conservation 
and commodity program payments. Under current compliance requirements, 
farm program eligibility could be denied to producers who: 

• Fail to implement and maintain an NRCS-approvcd soil conservation 
system on highly erodible land (HEL) (Conservation compliance) 

• Convert HEL grasslands to crop production without applying an 
approved soil conservation system (Sodbustcr) 

• Convert a wetland to crop production (Swampbuster) 

Evidence suggests that the current compliance provisions have contributed 
to a reduction in soil erosion and discouraged the conversions of noncropped 
HELland and wetlands to cropland (Claassen et al., 2004). A possihlc exten­
sion of the provi:-.ions could indutle nmrient management. 

Crop producers are a m~~jor source of nitrogen. Assessments of the potential 
efficacy of compliance must consider two key questions: 
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• To what extent do crop producers who have the greatest potential for 
reducing nitrogen emissions also participate in htrm programs'? 

• Arc Government payrnents to these producers large enough to encourage 
hroad adoption of practices that improve nitrogen use efficiency and 
reduce nitrogen emissions? 

Claassen eta!. (2004) estimate that 75 percent or more of cropland acres 
with medium, high, or very high potential for nitrogen leaching or runoff 
are located on farms that receive Government paytnent~. We used data from 
the 2005 ARMS corn survey to estimate Government payments received by 
corn producers.6 We looked at all treated corn acres. as comp1iance provides 
an incentive both for farmers already practicing good nitrogen management 
and willing to continue and for farmers not using nitrogen BMPs and willing 
to adopt them. Over 97 percent of corn acres receive Government payments, 
averaging $51.39 per acre. This average is higher than our estimated costs 
of improving NUE or of adopting NRCS practices. Eighty-eight percent 
of treated corn acres receive Government payments in excess of $27 per 
acre per year. which is more than the average EQIP payments for nutrient 
management or waste usc. (Note that for corn acres that are highly erodible 
and sut~ject to conservation compliance, it is the sum of erosion control and 
nitrogen management costs that would be considered by the farmer.) 

A drawback of compliance is that the strength of the incentive is dependent 
on the level of Government payments. Current events present a good example. 
Direct Government payments have been reduced by about 50 percent between 
2005 and 2009 due to a number of factors, including higher crop prices and 
smaller disaster payments (USDA, ERS, 2010). Assuming that average per 
acre payments to corn producers were reduced by the same percentage, the 
average estimated cost of the more expensive nitrogen management prac­
tices, such as waste utilization, would be greater than the program benefit. 
Compliance would not be an effective tool in this case. The point is that 
program payments can vary greatly, making compliance an unpredictable 
policy instrument. 

Regulation 

Another policy approach for improving NUE is to legally require farms to 
adopt and i mpJement particular management practices. Such an approach 
would be a major change in the way most of agriculture is treated under 
current environmental laws. With fCw exceptions, agricultural operations 
are exempt from regulation under the Clean Water Act and Clean Air Act. A 
numher of arguments have been used as justification. First. agriculture is so 
diverse across the United States that the conventional regulatory approach of 
applying uniform standards is impractical (Nanda, 2006). Second. due to the 
nonpoint nature of agricultural pollution, individual polluters cannot be iden­
tiiled except at great cost. 

Regulation can conceptually be placed on a continuum between performance 
standards and design standards (Ribaudo eta!., 1999). Performance standards 
directly regulate emissions. Design standards dictate how producers manage 
their operations, including practices that should not be used and/or BMPs that 
should be adopted. Because of the non point nature of agricultural pollution, 

Nirmgen 

('The ARMS data do not enable us to 
identify only those program payments 
subject to compliance. but they arc a 
good upproximation. 



181 

VerDate Aug 31 2005 09:17 Jun 02, 2017 Jkt 000000 PO 00000 Frm 00187 Fmt 6633 Sfmt 6633 S:\_EPW\DOCS\24963.TXT VERNE 24
96

3.
32

5

design standards are the only practical approach ror addressing nitrogen 
!o~ses. 

One approach would be to require that farmers adopt specific BMPs to 
improve their nitrogen use efficiency. Generally. a practice-based regulation is 
inefficient because it requires producers to adopt the same praclicc, whether 
it is appropriate for their particular farm or not. It may be more crtCctivc to 
define BMPs locally so as to allow l!cxibility and to account tor agriculture's 
heterogeneous nature. For example, a nitrogen management plan is a flexible 
practice that i~ based on a farmer's resources and cropping system. However, 
farmers may fail to implement the plan properly. The effectiveness of a regu­
lation therefore requires effective inspection and enforcement by a resource 
management agency. Implementation costs would likely be high. Several 
States, such as Nebraska and Maryland, have required farmers in particularly 
vulnerable areas to adopt speciiic nutrient management practices to protect 
ground or surface water (Ribaudo, 2009). 

One of the few segments of the agricultural sector that has been subjected 
to regulatory environmental measures at the national level is animal iCeding 
operations. reflecting heightened concern over pollution from animal waste 
from the largest operations (USDA-EPA, 1999). Manure is estimated to be 
a source of about 17 percent of nitrogen entering U.S. waters (Smith et al.. 
1997). Clean Water Act regulations now require that animal feeding opera­
tions designated as Concentrated Animal Feeding Operations. or CAFOs, and 
needing a National Pollutant Discharge Elimination System (NPDES) permit 
(those CAFOs that discharge or propose to discharge to surface waters), 
develop and implement a nutrient management plan to cover fields that 
receive manure. Such a plan, which would meet NRCS standards, sets a limit 
on the amount of nutrients that can he applied per acre of land and speclfies 
erosion control measures to prevent the Joss of sediment and nutrients. Also 
under the new regulations. CAFOs that arc not required to hnve an NPDES 
permit but that wish to claim the storm water exemption (the provision in 
the Clean Water Act that exempt~ field practices from requiring a discharge 
permit) for runoff from tields must develop and implement a nutrient manage­
ment plan to demonstrate that due care is being taken to minimize polluted 
runoff from fields receiving manure. If a waterway becomes polluted with 
animal waste from field runoff and a CAFO does not have an approved 
nutrient management plan, this would be a violation of the Clean Water Act. 
This approach sets a level of expected stewardship, namely the implementa­
tion of a nutrient management plan. 

Requiring not just CAFOs but all animal feeding operations to adopt nutrient 
management plans would be costly. ERS estimates that reductions in net 
returns in the livestock and poultry sector would be about $1.4 billion per 
year. and national cconom1c welfare for producers and consumers would 
decline almost S2 billion per year (Ribaudo et aL 2003). The benefit would 
be improved air and water quality. Targeting the regulatory approach only 
to those operations most susceptible to pollution problems would lower the 
ovcrali costs. 

Nitrogen Po!it)' I HRR- 127 
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Chapter5 

Implications for Nitrogen 
Management Policies 

Nitrogen is critical for producing abundant food and generating high net 
returns to producers. yet it has wide-ranging environmental impacts across 
land. water. and the atmosphere. More careful management that reduces 
environmental losses would address a number of environmental issues. such 
as hypoxia in coastal estuaries and bays, the potential for global warming. 
and nutrient enrichment of terrestrial ecosystems. Policy makers have a 
number of tools at their disposal, each with its own strengths and weak­
nesses (table 5.1). No one policy approach can be considered "best," and 
a concerted eft(1rt to address the Nation's nitrogen problems will likely 
require a solution comprising a mix of policies. Our analysis provides some 
guidance on determining which sectors of agriculture are most in need of 
improved management, what are the potential pitfalls, and how might the 
difterent policies be orchestrated in an overall policy framework. 

Reducing Application Rates as a Priority Policy Goal 

Reducing the application of nitrogen fertilizers appears to be the most effec­
tive BMP for reducing the emission of nitrogen into the environment. Based 
on the literature, and confirmed by our NLEAP modeling, reducing applica­
tion rates is the one Bl'v1P that reduces all fbrms of reactive nitrogen. even 
when the timing and method of application are not ideal. Improving timing 
or method of application alone could increase one lype of reactive nitrogen 
(transmitted to the atmosphere, groundwater, or surface water) while slill 
reducing total nitrogen emissions. Reducing the application rate is therefore 
conducive to an ecosystem approach to management that provides protection 
to all ecosystem services and functions. Improving rate, timing, and method 
of nitrogen application would produce the greatest environmental benefits. 

Reducing application rates that are agronomically excessive may increase 
the perceived risk of reduced yields. Fanners often use nitrogen fertilizer 
to manage the downside risk due to uncertain weather and soil nitrogen. 
Research on how farmers view risk and how they might respond to an incen­
tive payment for reducing application rates, coupled with the use of a risk 
management instrument. could result in the development of a more effec­
tive approach for reducing nitrogen in the environment. Revenue or yield 
insurance policies could be offered to protect the income of farmers who 
adopt conservation measures that improve nitrogen use efficiency but may 
decrease yields because of nitrogen insufficiency stemming from unfavor­
able weather conditions. Findings from other studies suggest that insurance 
will likely lead to reductions in nitrogen fertilizer applications, but by how 
much is uncertain (see Babcock and Hennessy. 1996; Mishra et al., 2005; 
Smith and Goodwin, 1996). 
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Table 5.1 

Summary of policy instruments for improving nitrogen use efficiency 

instrument 

Financial 
Characteristics Input tax Information incentives 

Strength of Depends on A farmer will Depends on 
incentive level of tax and take action only level of subsidy. 

price elasticity of 1f management 
demand. practice 

improves profits. 

Acres covered Covers all acres No guarantee No guarantee 
that are treated that acres that acres most 
with commercial in need of in need of 
nitrogen. treatment will be treatment will be 

addressed. addressed. 

Targets problem Directly Information can Incentives can 
addresses be targeted be targeted 
application rate, to specific to specific 
but not timing and problems. practices 
method. Also, and regions. 
does not address However, 
application of important 
animal waste. to consider 

potential 
environmental 
tradeoffs. 

Flexibility Very flexible Flexible- Practice¥based 
-farmers can farmers act on incentives are 
adjust in the most information that tess flexible than 
cost effective way. is beneficial to incentives on 

them. environmental 
performance. 

Implementation Easy to Requires High costs to 
costs implement, research and taxpayers. 

and generates extension 
revenues that can oulreach. 
be used to reduce 
economic impacts 
for farmers 
who make 
improvements. 

Corn Is the Most Important Crop for Addressing 
Nitrogen-Related Environmental Issues 

Compliance 

Depends 
on level of 
Government 
program 
payments 
subject to 
compliance. 

May not cover 
all acres. 

Strength of 
incentive 
may not be 
correlated with 
acres most 
in need of 
treatment. 

Flexibility 
depends on 
how provisions 
are defined. 

Enforcement 
costs may be 
high. 

Corn is the most widely planted crop in the United States and the most inten­
sive user of nitrogen. In 2006. corn accounted for an estimated 65 percent 
of the total quantity of nitrogen applied to major U.S. field crops. Corn also 
accounted for hair of all nitrogcn-tmated crop acres that were not n1ccting: the 
rate. timing, or method of application criteria used in this analy:-is to define 

acceptable nitrogen management. Land used to grow corn accounted 10r the 

largest share of treated acres that had tile drainage in 2006. Allhough tile 

Emissions 
market 

Depends on 
level of demand 
from regulated 
sectors. 

May be limited 
by geographic 
scope of market 
and baseline 
rules. 

Generally 
limited to one 
pollutant and 
not overall 
nitrogen use 
efficiency. 
Environmental 
tradeoffs 
a potential 
problem. 

Can be flexible, 
but depends on 
market rules. 

Transactions 
costs can be 
very high. 

Nitrof{l.'ll Policy!HRR-127 

Regulation 

Strong. 

Can cover all 
acres that use 
commercial 
nitrogen or 
animal waste. 

Can target 
all aspects 
of nutrient 
management. 
However, 
important 
to consider 
potential 
environmental 
tradeoffs. 

Limited 
flexibility, as 
regulations 
generally 
require 
specific 
practices. 

Enforcement 
costs can be 
high. 
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drains improve yields, they also increase the amount of nitrogen that is lost 

to surface water. Tiled corn cropland not meeting all three nitrogen manage­
ment criteria would be a prime target for policies tOr improving nitrogen use 

efficiency. 

In addition, recent demand pressures due to the biotiJels mandate. as well as 
increasing international demand for feed grains, suggests that corn acreage 

and the intensity of corn production are likely to increase. Together. these 
factors increase the importance of raising the NUE in corn production in the 
United States. especially on farms that raise livestock and apply manure to 

their fields. 

Which Policy Is Best? 

This analysis provides some guidance on how different policies might 
be orchestrated in an overall policy framework. The current approach to 
improvjng nutrient management on cropland has relied primarily on financial 

incentives and information. While years of financial and technical assistance 
have re-;ulted in some progress. operators of over 65 percent of U.S. crop­

land are still not implementing nitrogen BMPs. Higher payment rates would 
encourage more producers to adopt practices that improve nitrogen use effi­
ciency. but the cost to taxpayers may be substantia}. The level of financial 

assistance that would be required to entice all farmers with cropland acres 
needing improved management to enroll in a program would likely consume 
most of the budget for EQIP. While nitrogen management is an important 
conservation goal, EQIP and other USDA conservation programs address a 

host of other issues. Any elevation of nitrogen management as a priority for 
EQIP may result in tewer resources for other conservation issues. 

Emissions markets. such as those for water quality or greenhouse gases. 
could be a source of financial support for improving nitrogen use cf11-
ciency. Markets for agricultural offsets shift the financial burden away from 
taxpayers to regulated sectors of the economy. While emissions markets are 
receiving much interest in efforts to improve water quality and to reduce 
greenhouse gas emissions, their role in improving nutrient management on all 
acres needing improvement is probably limited. Emissions markets generally 

target particular geographic areas or particular practices. potentially limiting 
the number of acres that might be affected. Market rules designed to ensure 
the ''additionality" of offsets by setting baselines consistent with a high level 
or management may limit participation by fanners not using BMPs, even 
though a market would benefit by their participation. In addition, the nonpoint 
source nature of nitrogen emissions from agriculture greatly complicates the 
design of markets and raises transactions costs. 

If voluntary financial assistance programs or emlssions markets arc limited 
in their abillty to improve nitrogen management across all crop acres. what 
other approaches might achieve improved nitrogen use efficiency at least 
cost? The alternative approaches all result in increased costs for fanners. In 

theory. cost-effective policy instruments target the problem. are flexible, are 
easy to implement (low transactions costs), and limit costs to both farmers 
and Government. A tax on nitrogen fertilizer would provide an incen~ 
tive to all users to manage commercial nitrogen more carefully. If farmers 
are responsive to price, then this instrument may be an effective means of 

l)olicyl ERR-127 
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reducing nitrogen losses. Our assessment of farmer price responsivcne~s 
indicates that a relatively low tax may pay high environmental dividends. 
However. if farmers are as unresponsive to nitrogen prices as generully 
reported in the literature, a substantially higher tax would be necessary to 
obtain the same environmental benefits. The burden on farmers would be 
substantiaL Another drawback of an input tax is that a tax would also be 
paid on applications that are not excessive. A tax only on emissions would be 
far more effkient. but such a tax is not practical since emissions cannot be 
observed or easily measured. Finally, some means of addressing the applica­
tion of animal waste would have to be found. as a fertilizer tax would likely 
encourage the substitution of manure for commercial nitrogen. 

A nutrient management plan is an inherently flexible management practice 
that is strongly encouraged by USDA but only required for animal feeding 
operations that arc de~ignatcd as CAFO.;;. Requiring that all u~ers of nitrogen 
inputs (commercial and manure) develop and implement a nutrient managc­
lnent plan would be a major change in the way the environmental perfor­
mance of agriculture is managed. The costs to crop farmers of implementing 
a nutrient management plan may not be high, except for those managing 
large amounts of manure produced on the farm. However, many aspects of a 
nutrient management plan, such as application rate, are difficult to observe. 
making enforcement difticult and costly. 

Enforcement costs could also be high for a compliance approach to getting 
farmers to adopt nutrient management plans. The effectiveness of compliance 
would depend on the level of program payments received by farmers and a 
coincidence of the incentive \Vith those crop acres most in need of improved 
management. A large share of crop acres in need of treatment receives high 
levels of Government program payments. While the incentive level in 2005 
was quite high, program payments have declined in recent years as crop 
prices have risen. Continued high prices and general concerns about Federal 
budget outlays may limit the strength of a compliance-type policy instrument 
unless it is linked to a broader suite of payments than current compliance 
requirements. 

Improving nitrogen use efficiency reduces the amount of emissions from 
cropland but does not eliminate them. In areas where even small levels of 
emissions could cause environmental problems, offSitc filtering could supple­
ment onfield management. The Government currently provides financial 
incentives for creating <md preserving wetlands and vegetative filter strips. 
Though funds are not allocateJ solely tOr nitrogen capture aml removal, there 
may be reasons to do so. An economic comparison of the two types of filters 
suggests that wetlands can be much more cost effective at removing nitrogen 
than filter strips. While our analysis found that the cost of estahlishing a 
wetland is greater than the cost of establishing filter strips. annual nitrogen 
removal rates are several times greater for wetlands. Filter strips may also 
be rendered ineffective where tile drains arc present. while wetlands. can he 
strategically positioned in the landscape to filter drainage coming from tiled 
fields. \Vctlands also produce a number of other desirable ecosystem services. 
such as wildlife habitat. Filter strips. however, can be established in landscape 
settings where wetlands cannot. The choice will depend on geography, soiL 
and hydrologic conditions. 

Nitrogen Poficy/ERR-127 
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\Vhilc one single policy instrument does not emerge as a clearly supe-
rior approach to improving NUE across all cropland. a role can be seen 
for each. Financial assistance could be made available to those producers 
wanting to voluntarily improve nutrient management and to install vegeta­
tive mters or resore wetlands. Since commodity programs are important to 
t~1rmers, compliance can provide some incentive for those receiving program 
payments. The level of incentive may vary from year to year, but it may be 
effective for some farmers. Finally, in regions where nitrogen-related pollu­
tion is of particular concern. such as the Chesapeake Bay watershed and the 
watersheds contributing nitrogen to the Gulf of Mexico, a regulatory back­
stop could be a measure of last resort for those unwilling to voluntarily adopt 
nitrogen BMPs. 

Information Supports All Policies 

Informarion about the environmental and economic performance of improved 
nitrogen management practices supports all policies aimed at improving 
NUE. Reliable, timely information on soil and plant nitrogen reduces one 
source of uncertainty that tends to encourage overapplkation of nitrogen. Our 
research supports previous findings that testing t~)r nitrogen available in the 
soil and contained in crops may result in lower application rates. Information 
from testing can be incorporated into an adaptive management framework, 
where a farmer evaluates his practices from the previous year (or even at 
the start of the current growing season) to assess what options may be avail­
able to improve nutrient management while sustaining yields and reducing 
nutrient losses to the environment. So, whether farmers are considering best 
nitrogen management practices due to regulation, taxes, or financial incen­
tives. information on how to conduct and interpret nitrogen tests and how 
to successfully implement new practices can reduce the overall costs and 
increase adoption rates. 

Potential Tradeoffs Are an Important Consideration 

Reactive nitrogen is easily converted to forms that are readily transported 
by hydrologic and atmospheric processes. Therefore, fi:.>eusing strictly on one 
issue, such as nitrate leaching. could lead to increased emissions of other 
nitrogen compounds, such as nitrous oxide lo the atmosphere, if nitrogen's 
characteristics are ignored. Even when total nitrogen emissions arc reduced 
by a policy. emissions of one or more nitrogen compounds might increase 
and degrade environmental quality. This effect was predicted in the case of 
the market for nitrous oxide offsets-farmers reduced total emissions but 
increased nitrogen losses to water. These tradcoffs often depend on soils 
and cropping practices. so it is difficult to develop general "rules of thumh." 
other than recommending that a holistic approach to management that 
considers potential environmental tradeoffs be adopted. Reducing nitrogen 
application rates is the easiest and most effective way to reduce all forms of 
reactive nitrogen. 
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Appendix I 

Estimating Water Treatment Costs 

We estimated a treatment cost model with data from the 1996 American 
Water Works Association (AWWA) survey of its members. There are only 
52 usable observations for which utilities provided all required data. This 
is the last survey in which data on costs and water quality (both raw water 
coming into and finished water going out of the utility) were gathered at the 
same time by AWWA. We assume this sample is representative of all water 
treatment plants. The model is a variahle cost function with two outputs (one 
de:-;irable (water) and one undesirable (nitrogen)); four inputs (three vari­
able and one fixed); and nine factors hypothesized to influence production of 
drinking water (app. table 1.1 ). 

The bootstrap method employed uses network density as the stratum-the 
result of this stratification is a more homogeneous sample and hence a smaller 
standard error. 

Econometric specification of simple production 
model and discussion 

( v) . ' ( w) ' ("' ) In - =Po +a,lny+a,lnN + ,B,ln -!' +,B,ln ~ + i)lnK 
~ "3 ~3 

2.01 '" o.so''" om'" 
(4.55) (81.50) (2.69) 

0.62 '"' 

(16.82) 

0.43"' 
(5.22) 

om" 
2.27) 

li,netd + li,public+ li,dww + li,syssize + li,toc2 + liJoc3+ li,Ioc4 + £ 

-(>.00004""""' 0,14~~.,, 

(·94.50) (4.65) 
o.mt*" o.os""'l 
(4.96) (4.19) 

0.21~'* 0.22~.>(-! (l.J5""'h' 

(5.53) (4.77) (2.93) 

Bootstrapped z in parenthesis. Significance level of 0.01 and 0.05 denoted by 
***and **,respectively. 

The estimated variable cost function meets most of the theoretical regularity 
conditions {i.e., it is monotonically increasing in desirable output as well as in 
variable inputs). The only case in which the desirable theoretical properties 
of inputs are not met is in the case of capital, which, in variable cost function 
setting, should be negative. The explanation resides in overcapitalization of 
water utilities-a phenomenon widely observed for regulated utility firms of 
all kinds. Homogeneity in the cost function is impo,cd by dividing both input 
prices and variable costs by price of chemicals. Con;;istent with the literature 
on undesirable outputs. the presence of an undesirable byproduct in a produc­
tion process, in this case nitrogen. implies a higher cost to the utility which 
it then abates either to meet rcgu1ation6 or more generally to reduce risk to 
customers. 

6 EPA regulates nitrate 
\Vater (mcasureJ a~ nitrogen) al 

mg/L. 

Policrl ERR-127 
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Appendix Table 1 .1 

Summary statistics and definitions 

Definition (unit) variable 

Variable cost 

(in$) VC 

Annual water production 

(in millions of gallons) y 

Annual salary 

(in$) w1 

Nitrogen abatement 

(in difference of raw~flnlshed 
nitrates in water) (in mg/L) N 

Electricity price 

(in $ per kilowatt hour) w 2 

Chemicals price 

in $ per pound) w 3 

Capital 

(residual rate of return) K 

Network density 

(population served/length of 
distribution main) netd 

Organizational type 

( 1 = public, 0 = otherwise) public 

Mean (Variance) 

8,479,039 

(13,477, 167) 

14,449 

(23,498) 

$34,353 

($11,538) 

0.98 

(4.04) 

$0.05 

($0.01) 

0.2 

(0.0) 

$ 145,916,037 

(217,806,925) 

1176 

(5608) 

0.87 

Definition (unit) variable 

System type 

(1 = Distribution and waste 
water, 0 = Otherwise) dww 

System size 

(1 = if population served 
greater than 100,000, 0 = 

Otherwise) syssize 

Consumer structure 

(ratio of residential to tot a! 
water delivered) cs 

Water system location 

(New England) /oct 

Water system location 

(Northeast) loc2 

Water system location 

(South) loc3 

Water system location 

(Mid-west) /oc4 

Water system location 

(West) loc5 

Source: USDA, Economic Research Service uslng data from i 996 American Water Works Association survey. 

As to the exogenous c!lccts, network density has a negative effect on vari­
able costs as expected. Also, larger systems have higher variahlc costs. Public 
utilities have higher variable costs than investor-owned utilities. This makes 
sense from the perspective that public firms may have agency and control 
problems relative to investor-owned enterprises. Operations that have only 
a distribution function have lower variable costs than those that have both 
waste water and distribution. All locations have higher variable costs relative 

to New England. 

Derivation of shadow cost of nitrogen abatement and discussion 

[

- - ( w ) - (w ) - l , .Bo+a,Iny+a,lnN+,B,In -.' +,B,In ....1.. +o,netd 
V = exp w~ ·w3 * wJ (2) 

+S,public + S7dww + S,syssize + S,foc2 + S,loc3 + S7loc4 

Mean (Variance) 

0.54 

(0.50) 

0.48 

(0.50) 

0.57 

(0.23) 

0.19 

(0.40) 

0.21 

(0.41) 

0.15 

(0.36) 

0.21 

(0.41) 

0.23 

(0.43) 
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(3) 

The shadow marginal cost of nitrogen abatement is derived in equation (3) by 
taking the derivative of (2), estimated variable cost, which in turn was 
derived by taking the exponential of (1). From equation (3), various addi­
tional derivations can be made: shadow marginal cost by millions gallons, 
dV ~ r I r, cstimatetl shadow total variable cost of nitrogen abatement (SVC). /aA · 

a%NxN, and svc per millions or gallons of water produced ( a%,v X N) 

ly. 

The results from the above derivations were used to estimate nitrogen 
removal costs by system size (app. table 1.2). 

Appendix Table 1.2 
National estimates of nitrogen removal costs for community water systems, by system size 

System size (SS) 
[in millions of gallons per year] 

(CWS population 
in parenthesis) 

SS > 0 and SS <= 3,300 
(42,624) 

SS > 3,300 and SS <= 10,000 
(4.871) 

ss > 10,000 (4,156) 

CWS = Community Water System. 

1 Percent of cost attributable. 

Estimated average 
production by CWS 

(millions of gallons 
per year} 

570 

4,797 

42,485 

Estimated average cost of Est1mated total cost of 
nitrogen removal nitrogen abatement 

(variable cost per million (million $per year for all 
gallons per year per CWS} systems) 

$34.2 

[46%]1 
830 

$25.55 

[41 %]1 
597 

$19.18 

[31 %] 1 
3,386 

Source: USDA, Econom1c Research Service using data from 1996 American Water Works Association survey. 

Polin/RRR-127 
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Appendix 2 

Using NLEAP To Model Nitrogen Losses 

The Nitrogen Loss and Environmental Assessment Package (NLEAP) 
(Delgado ct al., 2010a; Shaffer et al., 2010) can be used to assess the potential 
for management practices to increase nitrogen use efficiency and generate 
nitrogen savings that can be traded in water and air quality markets (Delgado 
et al.. 2008b; 20J0a). The NLEAP model has been used extensively across 
national and international systems (Delgado et al., 2008b ). 

This tool is capable of simulating the effects of management practices and 
generating reasonable assessment values that are similar to measured field 
studies conducted across small-scale plots and large commercial field opera­
tions {e.g., water budgets, nitrate leaching, residual soil nitrate. crop uptake, 
nitrogen dynamics. and N20 emissions: Beckie et al., 1995; Khakural and 
Robert 1993; 2001; Delgado et al., 2001; Xu et al., 1998). 

Detailed descriptions ofNLEAP-GIS capabilities and limitations can be 
found in Shaffer and Delgado. 2001; Shaffer eta!., 2010; Delgado and 
Shaffer, 2008; and Delgado et al.. 20!0a; 20!0b. This improved version can 
quickly evaluate multiple long-term scenarios across a large number of soils 
and conduct assessments of the effects of BMPs on nitrogen use efficiency 
and nitrogen losses via different pathways. The new NLEAP-GIS tool also 
has a Nitrogen Trading Tool option (with GIS capabilities) (Delgado eta!., 
2008a; 2008b; 2010a; 2010b). 

General assumptions 

NLEAP has been tested. calibrated, and used to accurately evaluate the 
effects of management for cropping systems and risky landscape combina­
tions across national and international agroecosystems. In order to evaluate 
these systems. users established basic assumptions to simplify the evalua­
tion process, which is very complex due to the nature of the nitrogen cycle 
and management interactions with environmental factors (Shaffer and 
Delgado, 2001). 

Yields: It is well known that yield variability can impact nitrogen use effi­
ciency (Bock and Hergert, 1991). Instead of using the maximum yields at a 
given site as traditionally done by farmers as a safety net approach to calcu­
lating nitrogen inputs (Bock and Herget, 1991), State average yields for corn 
and soybeans derived from the USDA Census of Agriculture were used for 
the NLEAP-GIS simulations, 

We assumed that yields for no-till systems were 10 percent lower than those 
for conventional tillage. Since we also evaluated excessive nitrogen input 
scenarios and low nitrogen input (deficit) scenarios. we used the corn yield 
and nitrogen input response curve from Bock and Herget (1991) to estimate 
the average yields for these scenarios. It was assumed that for the excessive 
nitrogen input rates. yields were increased by only 1 percent; however, for 
the deficit nitrogen input scenario a H)-percent drop in average yield was 
assumed (Bock and Herget, 1991). We believe that our approach of using 
average yields to evaluate the effects of management on the nitrogen use 

Nitmgen 
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efficiency of commercial systems is a valid approach. as reported by Shaner 
and Delgado (2001), Delgado (2001), and Delgado ct aL (2000; 2001). 

Since the USDA Census of Agriculture does not report yields hy soil type, 
we assumed that yields for the soil types tested were similar. However. corn 
yield can vary among soil type, with lower yields in the sandier, less ICrtile 
soils that have higher nitrale leaching potential than those finer soils with 
lower leaching potential (Khosla ct aL, 2002; Bausch and Delgado, 2003; 
Delgado and Bausch, 2005; Delgado et aL, 2005). Nonetheless, we still 
believe that as:-;uming average yields for a 24-year period being evaluated is 
a valid approach to assessing the trends and effects of management practices 
on these different soil types and produces results that are in agreement with 
average measured values (Delgado et aL, 2001; 2008b; 2010a). lf additional 
site-specific field information for a given farm is needed, spatial soil maps for 
the given farm can he downloaded from USDA NRCS websites, and evalua­
tions using farmers' inputs can be conducted. 

Nitrogen Inputs and Uptake: For nitrogen rates, we used the recommended 
best management practices tOr sitc-speci1ic State and/or soil as described 
by Espinoza and Ross (2008) for Arkansas; Alley et al. (2009) for Virginia: 
Beegle and Durst (2003) for Pennsylvania; and Vitosh et al. (!995) tor Ohio. 
We calculated the recommended nitrogen (N) rate per bushel of corn derived 
from each State's recommended BMPs (Espinoza and Ross, 2008; Alley et 
al., 2009: Beegle and Durst, 2003: Vitosh et al., 1995), A summary of the 
nitrogen inputs simulated is presented in appendix table 2.1. 

Since nitrogen fertilizer inputs were calculated based on yield, the no-till 
systems received lower nitrogen t'ertilizer inputs than the conventional 
systems. However, since a similar rate of uptake per unit of bushel was used 
for both systems, the removal of nitrogen in harvested grain from the no~till 
system was also lower than the removal of nitrogen in the grain from the 
higher yield conventional system. Total nitrogen uptake by the plant was 
calculated. Initial surface residue cover was simulated at 100, 90, 40, and 30 
percent for no-tlll corn-corn, no~till corn~soybeans, conventional corn-corn, 
and conventional corn-soybeans, rc'\pectively. 

For the manure system, manure was applied every 2 years. For the corn­
corn rotation, manure was applied in the first year. and only fertilizer was 
applied in the second year. The manure rate was calculated for each system 
to match the fertilizer rate. However, since manures will have a large frac­
tion of organic nitrogen that is not immediately available (Davis eta!., 2002; 
Eghhall eta!., 2002), an additional 50 percent of the recommended rate was 
added as inorganic nitrogen iCrtiHzcr. In other words, the total nitrogen input 
during the first year of corn-corn rotation was !50 percent of the total appli­
cation rate of lhe inorganic nitrogen fertilizer scenario (app. table 2.1). The 
corn-corn rotation did not receive any manure application in the second year. 
and the corn received the same rate of nitrogen fertilizer as in the nitrogen­
fertilizer-only scenario. Thus, over the 2-year period. the manure scenario 
fOr corn-corn received an average of 25 percent more nitrogen input per year. 
The same relationships apply to the excessive and deficit nitrogen scenarios 
(app. table 2.1). 

Polin/ ERR·! 27 
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Appendix Table 2.1 

Relationships used to develop yields and nitrogen (N) rates used across the study sites 

Conventional 

No-till 

Tillage Best management practice 

x' 

I x•o.9 

Excessive Deficiency 

Yield (bushels per acre) 

x'1.01 

I 
x·o.9 

x·o.s•1.01 x'0.81 

N rate tor fertilizer~only scenarios (lbs N per acre) 

Conventional 

No-till 

x2 

y3 I 
z'1.75 

I 
z'0.75 

y'1.75 y'0.75 

N rate for manure with N fertilizer scenarios (lbs N per acre) 

Conventional 

No-till 

z(org) + O.Sz(fert) 

y(org) + 0.5y(fert) 

1.75z(org) + z(0.875) 

1.75y(org) + y(0.875) 

0.75z(org) + z(0.375) 

0.75z(org) + z(0.375) 

1The x values were 131, iOi, 103, and 107 corn bushels per acre for OH, VA, PA, and AR, respectively. The x values were 40, 27, 37 and 27 

soybean bushels per acre for OH, VA, PA, and AR, respectively, 
2The z values were 132, 121, 100. i 20, and 125 !bs of N per acre for OH, VA, PA, AA (Hydrology A) and AR {Hydrology D), respectively, for 

conventional tillage. 
3The y values were 1 i6, 109. 90, 100, and 105 !bs of N per acre for OH, VA, PA. AR {Hydrology A) and AR (Hydrology 0), respectively, for 

conventional tillage. 

Source: USDA, Economic Research Service using data from USDA, Agricultural Research Service. 

For the corn-soybean rotation. there was no application of nitrogen fertil­

izer or manure for any of the scenarios during the soybean year (app. table 

2.1). Additionally, tor this rotation. the nitrogen cycling from the leguminous 

soybean crop was credited, as is recommended f{_)r each State, so the calcu­

lated nitrogen inputs for the corn in the corn-soybean rotation was lower than 
in the corn-corn system. 

The excessive nitrogen fertilizer scenarios received 75 percent higher nitrogen 

inputs than the State-recommended rate. For the deficit nitrogen application 

scenarios, nitrogen inputs were applied at a 25-percent lower nitrogen rate 

than the best management practice scenario (app. table 2.1). 

Soil T_\pe Physical and Chemicallnj(>rmation: For each State, the county's 

soil chemical and physical ini"Ormation averages for the selected soils were 
downloaded. To evaluate all of the management scenarios described «bove. 
we selected a soil with a higher leaching potential (Hydrology A or B) and a 
soil with a lower leaching potential (Hydrology Cor D). 

Long-Term Weather: Long-term USDA. Natural Resources Conservation 
Service weather databases lbr each county were used to conduct the 24-year 

aS>essment as described by Delgado et al. (2008b. 2010a) nitrogen trading 
tool evaluations. 

Other Best Management Practices Tested: For all the scenarios described 

above. we evaluated the method of application. The best management prac­

tice for method of application was incorporation of nitrogen fertilizer and/ 

or manure. Surface application without incorporation was found to be a 

poor management practice. We also evaluated time of application. The best 

management practice for time of app1 ication was application of manure and/ 

or nitrogen fertilizer before planting. closer to the time of higher demand by 

Policy/ERR-127 
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the crop. The poor management scenario was application of manure and/or 
tCrtilizer the previous fall, when the nitrogen is more susceptible to losses. 

Long-Tam Evalu.atiolls: All these scenarios were evaluated over the long 
term. To conduct the long-term evaluations, we used a 24-year period using 
long-term weather data for the given county, Similar to what was done with 
the nitrogen trading tool, the first 12 years were used to run the modeL and 
years 13 to 24 were used to evaluate the effect of management practices on 
nitrogen use efficiency and on reactive losses to the environment (Delgado et 
ul., 2008b, 2010a). 
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Appendix 3 

Estimating Changes in Nitrogen Fertilizer 
Application Rate 

This appendix describe)_ the econometric model used to estimate changes 
in nitrogen (N) fertilizer application rate. We estimate nitrogen application 
rates using an instrumenLal variables (TV) approach to overcome identifica­
tion issues presented by farmer heterogeneity and endogenous soil N-testing. 
Price plays an important role in the nitrogen management decision. and 
the recent price growth of nitrogen has implications for nitrogen manage­
ment behavior and by extension, nitrogen use efficiency (NUE). Notably, 
we instrument [or nitrogen price using a cross-section of data by exploiting 
exogenous spatial variation between domestic ammonia production plants 
and cornfield locations. 

Research using observational datu presents econometric challenges. and this 
is particularly true for research examining the effect of potentially endoge­
nous variables on a study population. For example, when estimating the effect 
of N-soil tests on application rate, researchers do not know why two observa­
tionally identical farmers make ditlerent choices about testing the soiL The 
underlying problem is the concern that unobserved farmer characteristics are 
responsible for determining whether the farmer conducts a test. For example, 
a fanner who tests the soil regularly may also have unobserved preferences 
for land stewardship. If differences beyond observed field, farm operation, 
and operator characteristics play a role in determining who conducts the 
test and how the test is used. then the test may be endogenous to the amount 
applied. 

Nitrogen price also presents a challenge in a sample of microdata. Prices are 
likely to emhody an error-in-variables problem because in the case of ARMS, 
they were created as a share variable that represents the nitrogen fertilizer's 
relative size of the total expenditures for all fertilizer (nitrogen. phosphorus, 
and potassium). To see how this effects the estimation of nitrogen demand, 
consider that we observe nitrogen price as a function of the true. unobserved 
price plus a disturbance term, v. 

(I) PriceNObservcd ~ PriceN True*+v. 

Because the observed price on the left-hand side of equation (I) is a func­
tion of true price and v. an ordinary least squares (OLS) model of nitrogen 
demand estimated with the observed price will include v and will cause the 
estimate to be biased and inconsistent. Specifically, in the classic errors-in­
variables example. the coeft1cient in an OLS model will be biased toward 
zero_? Prices farmers pay may also change with their level of demand. For 
example, if farmers receive quantity discounts when purchasing nitrogen 
tertillzer and their application rate is correlated with total nitrogen demand, 
then failing to account for this also results in bias. 

To overcome the problem of mismeasured nitrogen prices and endogenous 
soil testing, we employ an IV approach. which allows for the development 
of consistent and unbiased estimates. In the case of endogenous N-soil 
testing. we find a set of instruments that are correlated with N-soil testing 

7Scc Greene (2000) for a formal 
discussion of measurement error and 
the resulting altenuation bias. 

Nitmgen For Conservation l'o!icy I ERR-127 
Service/USDA 
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but uncorrdated with disturbance process: average annual soil percolation 
and average annual precipitation. Because percolation facilitates nutrient 
leaching (Williams and Kissell, 1991), we expect the greater soil percolation 

to increase uncertainty about available nutrients. and. therefOre, encourage 
soil testing. Higher precipitation generally reduces the ability to conduct soil 
test, therefore we expect annual average precipitation to be negatively related 
toN-soil test. 

We identify the nitrogen own-price effect on demand using three sources 
of exogenous variation: distance between the field and domestic ammonia 
fertilizer production~ production capacity of nearby ammonia plants; and 
distance from the field to New Orleans, LA, site of the m•tiority of interna­
tional ammonia importation. 8 Ammonia is increasingly being imported by 
the United States, and a majority of shipments enter from the Gulf of Mexico. 
and -;peciJically, New Orleans: therefore, we also include a distancc~to-New 

Orleans measure. These variables are useful instruments because the distance 
between the field and production capacity are arguably uncorrelated with the 
behavior of the farmer or the placement of the ticld;9 therefore, the instru~ 

ments allow one to capture the exogenous variation in price and use it to esti­

mate application rates. 

Instrumental variables model 

We use an TV model spcclficd with two endogenous variables to estimate a 
partial-equilibrium static demand model derived from profit maximization 
theory. The model assumes producers make immediate adjustments to quan­

tity demanded in response to t:hanges in pri~.:e, and that prices are known at 
the time of production planning. These assumptions are reasonable given the 
ability of farmers to enter into contracts that establish price for delivered corn 
ami inputs to prmluction, such as forward or marketing contracts, and other 
hedging instruments. Further, production technology is assumed known and 
fixed. Since only two time periods :-,eparated by 4 years arc used. technology 
is unlikely to change. The most likely technological change is that of ~eed 

technology-the use of biotech (Bt) corn: however, the model specification 
controls for this. In 200l, 20 percent of corn acres were planted with Bt corn; 
in 2005, the amount was slightly greater than 30 percent. 

\Vc characterize the problem posed to the farmer as one of profit maximiza­
tion with uncertainty, as evidenced by the nitrogen overtreatment, but the 
decision of the farmer could also be, conceptualized as a utility maximization 
problem. In this case. the farmer chooses a level of output that maximizes the 
farmer's initial wealth plus expected profit from the operation. Under utility 

maximization, a farmer considers not only expected profit but moments of 
the profit distribution as well, and deviations from the recommended level of 
nitrogen then depend on the fanner's level of risk aversion. Evidence from 
Held trial suggests that risk-neutral farmers would be willing to overapply 

nitrogen to increase profits during <J year of "good" growing conditions 
(Rajsic et al., 2009). On the other hand, risk-averse farmers will reduce their 
nitrogen rate to reduce profit variance. In practice. our empirical results are 

not dependent on the conceptual framework; in both cases, nitrogen prices 
enter the profit function, and the identification strategy would not change, 
Rather, the level of risk aversion primarily drives the differences. Some 

cl~D!Cr. We calculate the distalll'C'> from 

9Ti.J teo.! that the instrumcll!'> arc 
uncorrdatcd with tht.: residual compo­
nent in the second -;wgc of the IV 

<Hld 
the 

to the rate of 
we test nn~ridenli-

number of cndogcnou" variables. The 
fl'.<..ults of the le;.t arc presented m the 
re~ults 1ahlc. 
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research, however, suggests that risk-averse farmers are more responsive to 
price because of profit risk (Just, 1975; Roosen and Hennessy 2003; Rqjsic et 
al.. 2009), and, if farmers are on average risk averse. our elasticity estimates 
will represent an upper bound. 

Equation (2) is the outcome equation where Y represents the log transformed 
per acre rate of nitrogen applied to the fielq of fan)1 i in USDA production 
region rat time t. Endogenous variables, T and P , are estimated N-soil 

testing probability and nitrogen price from equations (3) and (4). The set of 
excluded instruments t('r N-soil test are represented by Z1~ and the excluded 
instruments used to estimate nitrogen price are represented by z~-'. The vector 
X is a set of independent variables that includes characteristics of the oper­
ator, t(mn operation, and the field; the disturbance term is represented by e. 

Yirt = al + TirtPl + Aw1.l + XirtOl +¢Ir +VJt +Eirt, 

'Fjrt = a2 + Xin/32 + zT irtOz + ¢lr + V21 + Kirt, 

f'irt = a3 + Xirtf33 +Zpirt03 +ll':;r + VJt +uirt. 

A case can be made that countrywide trends over time affect the use of 
nitrogen. Perhaps in response to outreach efforts to reduce fertilizer runoff 
due to overuse. for example, environmental awareness campaigns that 
communicate the benefits of reduced nitrogen in the environment, attitudes 
about nitrogen rates have changed. YVe control for trends in nitrogen use that 
change over time with a time effect term, ur As well, use of nitrogen across 
production USDA-defined regions may a1so affect application rates, therefore 
we control for region-specillc factors with a fixed-effect term, <Pr· 

Data 

The data are cross-sectional and come from USDA's Agricultural Resource 
Management Survey (ARMS). ARMS comprises responses to a series of inter­
views with farm operators designed to solicit infOrmation about production 
practices, costs of production. business finances, and operator and household 
characteristics. Commodity specific surveys are fielded on a rotating basis, 
usually every 5 to 8 years. We focus on corn production because of its intense 
use of nitrogen, for which ARMS last fielded surveys in 2001 and 2005. 

\Ve use data from two components of ARMS. The first component is the 
Corn Production Practices and Costs Report, which surveys the farm enter­
prise's costs of production and a host of production practices at the held level. 
The second component is the Corn Costs and Returns Report, which collects 
indepth financial infOrmation concerning the farm business and the house­
hold of the operator. The two components can be linked together to provide 
a complete view of the farm operation from the farm's representative field to 
its financial statement, and we restrict the sample to farmers who completed 
both surveys. 

As covariates, we include the fanner's age. education. and income earned 
from work off the farm. We account for land quality and tenancy issues by 
including the per acre annual value of production, the per acre value of the 
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land, and acres owned by the operator. We also control for environmental 
characteristics of the field, for example, whether any part of the field is a clas­
sified as a wetland. The pre:-;ence of livestock and a nutrient management plan 
on the farm may indicate a greater reliance on manure. driven often by the 
need to dispose of manure. We account for these with dummy variables as 
well. The nutrient requirements of a current corn crop are also based, ln part, 
on the plant~available nutrients existing in the soil, and past cropping practice 
can influence these nutrient~. Therefore, we use a dummy variable to control 
for crop rotation pattern of 3-year straight corn rotation. 

The timing and method of application may also be important determinants 
of application rate, A spring application is better timed to meet the plant's 
need for nutrients and reduces the risk of loss due to environmental factors 
relative to a fail or winter application. On the other hand, fanners may opt to 
apply nitrogen in the fall, when there arc fewer time demands and prices arc 
often lower. In such a case, a nitrogen inhibitor is often used to further slow 
the nitrifkation process, though average annual nitrate losses can still be 50 
percent higher under lall application than under spring application (Randall 
and Mulla. 2001). To counter this, in many cases, anhydrous ammonia is 
injected into the soil because low temperatures at this time of year slow 
the conversion of ammonia to ammonium and nitrate, reducing the loss of 
nitrogen. We control for the method of application with a dummy variable 
indicating whether the nutrient was incorporated or injected into the soiL 

Technology and other management practices thought to affect nitrogen rate 
are captured by explanatory variables indicating the use of field irrigation 
and biotech (Bt) corn seed. Irrigation is an important component in nitrogen 
management. Irrigation may be a nece~sary practice due to the climate, or 
it may be another way of more precisely controlling growing conditions. 
If water and nitrogen are complementary inputs, the presence of irrigation 
should increase the rate of nitrogen application. The use of biotech seed is 
driven by the associated cost reductions from the technology's herbicide, pest. 
or fungus resi~tance. We also include a dummy variable representing whether 
the corn crop was grown for silage or corn. A full list of covariates and 
summary ~tatistics is presented in appendix table 3.1. 

Outcome Measures 

We estimate the application rate for four different permutations of nitrogen 
fertilizer use. First, we estimate commercial nitrogen use by farmers who 
exclusively apply commercial nitrogen-a group that accounts fOr a 78 
percent of the t~u·mcrs in our sample. WB also examine the rate of total 
commercial nitrogen use by all farmers, regardless of whether they used 
commcrciul nitrogen exclusively or in coqjunction with manure. The third 
measure examines the sensitivity of commercial nitrogen use by farmers 
who use manure in conjunetion with commercial nitrogen-a group that 
employs an imperfect substitute for commercial nitrogen. These farmers 
make up a minority of the sample. 22 percent. Finally, we examine the effect 
of our explanatory variables on total nitrogen application rate, which includes 
commercial nitrogen and manure. Tt should be noted that all of the farmers 
in the san1ple reported at least some use of commercial nilrogcn fertilizer. 
Estimates from the IV model are presented in appendix table 3.2, 

Nitroxen 
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Appendix Table 3.1 
Summary statistics 

Variable name 

Soiltestn 

Nprice 

Dealerrec 

Consultrec 

Ex tree 

Routine 

op_age 

Retired 

College 

Workoff 

Anycropins 

Prodvalpa 

Landvalpa 

Ownacre 

Corn_p 

CCC 

Nutrient plan 

Irrigate 

Wetland 

Tenure 

Spring 

Inc 

Inhibit 

Bt_corn 

Yldgoal 

Silage 

Livestock 

Commercial nitrogen w/o manure 

Total commercial nitrogen 

Commercial nitrogen w/ manure 

Total nitrogen observations 

95% 
Description Mean confidence 

Nitrogen soH test 0.21 0.18 

Nitrogen price 0.328 0.324 

Dealer recommendation 0.32 0.29 

Consultant recommendation 0.14 0.12 

Extension agent recommendation 0.04 0.02 

Routine practice 0.28 0.26 

Operator's age 52.73 52.11 

Operator is retired from farming 0.04 0.03 

Operator holds college degree 0.35 0.31 

Derive income from off·farm work 0.38 0.35 

Insurance participation rate 0.659 0.62 

Production value per acre $4, 372.57 

Land value per acre $1,616.55 $709.46 

Acres owned 323.37 301.10 

Corn price 1.87 1.84 

Straight corn rotation (3 years) 0.25 0.21 

Nutrient plan in place 0.076 0.063 

Irrigate the field 0.063 0.0397 

Wetland on any part of the field 0.03 0.02 

Years farming 27.61 26.89 

Spring fertilizer application 0.80 0.77 

Incorporated fertilizer 0.75 0.73 

Fertilizer applied with inhibitor 0.07 0.05 

Biotech corn 0.34 0.30 

Yield goal 173.62 166.31 

Corn for silage 0.11 0.09 

Presence of livestock on the farm 0.576 0.55 

Commercial nitrogen users only 129.72 125.67 

Total commercial nitrogen use 118.42 114.42 

Commercial nitrogen use by manure users 77.23 70.60 

Total commercial nitrogen and manure use 137.59 132.16 

2,874 

Source: USDA, Economic Research Service using data from USDA's 2001 and 2005 Agricultural Resource Management Survey 

Interval 

0.24 

.332 

0.35 

0.16 

0.05 

0.30 

53.36 

0.06 

0.37 

0.42 

0.70 

$337.29 

$2,523.64 

345.63 

1.90 

0.28 

0.088 

0.0853 

0.04 

28.33 

0.84 

0.78 

0.09 

0.38 

180.94 

0.13 

0.602 

133.77 

122.42 

83.87 

143.02 
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Appendix Table 3.2 

IV estimates of nitrogen application rate 

Soittestn 

Lognprice 

Dealerrec 

Consultrec 

Extrec 

Routine 

Op_age 

Retired 

College 

Workolf 

Anycropins 

Prodvalpa 

Landva!pa 

Own acre 

/ogcorn_p 

Gee 

Wetland 

Nutrp!an 

Irrigate 

Tenure 

Spring 

Inc 

Inhibit 

St._ com 

Y!dgoa! 

S!lage 

Live 

Observations 

F-Statistic 

Commercial 
nitrogen: 

nonmanure users 

-0.924 .. 

·1.347 

0.131*" 

0.229" 

0.084 

~0.170'"' 

-0.011 .. 

0.104 

0.043 

-0,091H 

0.061 

~7.84E-06 

-4.93E-07 

3.62E-05 .. 

0.006 

0.0315 

·0.081 

0.167** 

0.527" 

0.006" 

0.028 .. 

0.063 

0.083 

0.042 

0.001** 

•0.404H 

-0.154h 

2253 

6.69 
{<0.000] 

Total 
commercial 

S.E. nitrogen 

0.290 -1.142"* 

0.715 -1.379. 

0.043 0.159 .. 

0.078 0.291 .. 

0.086 0.143 

0.065 -0.164 .. 

0.003 -0.008" 

0.098 0.107 

0.034 0.055 

0.037 ·0.0810~ 

0.054 0.1065~ 

3.32E-05 -3.09E-05 

4.41 E-07 -8.96E-07 

1.37E·05 3.92E·05** 

0.043 0.029 

0.055 0.092 

0.118 -0.065 

0.070 0.023 

0.085 0.532 .. 

0.002 0.005 .. 

0.041 0.013 

0.050 0.061 

0.057 0.2239 .. 

0.036 0.067 

0.0002 0.0003 

0.093 -0.350 .. 

0.046 -0.233H 

2874 

11.87 
[<0.000} 

S.E. 

Commercial 
nitrogen: only 
manure users S.E. 

0.336 0.333 0.742 

0.630 0.531 1.408 

0.047 0.155 0.099 

0.083 -0.004 0.171 

0.084 0.239 0.156 

0.063 -0.071 0.100 

0.003 0.005 0.007 

0.100 0.171 0.211 

0.037 0.118 0.117 

0.0398 -0.124 0.094 

0.0498 0.035 0.083 

2.50E-05 -4.38E-05 3.25E-05 

7.65E-07 -5.2'1 E-05 2.81 E-05 

1.48E-05 -6.32E-05 5.88E-05 

0.048 -0.032 0.112 

0.052 0.192.. 0088 

0.110 -0.187 0.326 

0.077 -0.280"* 0.133 

0.089 ·0.370 0.364 

0.002 0.005 0.007 

0.048 -0.083 0.150 

0.049 0.052 0.10i 

0.0590 0.556.. 0.120 

0.040 0.081 0.100 

0.0002 -5.27E-06 2.23E-04 

0.078 -0.060 0.094 

0.051 -0.285 0:186 

624 

6.31 
[<0.000] 

Total nitrogen 
{manure and 

nonmanure users) 

-1.080 .. 

-0,674 

0.157 .. 

0.303*" 

0.163. 

-0136 .. 

-0.008 .. 

0.002 

0.025 

-0.115 ... 

0.1203 .. 

4.64E-osu 

-1.57E-06 

2.95E-05 

0.034 

0.082 

-0.013 

0.172" 

0.551 •• 

0.004 

0.026 

0.053 

0.176" 

0.062 

0.0001 

-0.098 

-0.142·~ 

2874 

7.82 
{<0.000] 

Source: USDA, Economic Research Service usmg dala from USDA's 2001 and 2005 Agricultural Resource Management Survey. 

S.E. 

0.308 

0.589 

0.042 

0.078 

0.073 

0.057 

0.002 

0.089 

0.034 

0.037 

0.0468 

1.98E-05 

8.10E-07 

1.51E-05 

0.045 

0.051 

0.098 

0.072 

0.084 

0.002 

0.042 

0.046 

0.056 

O.G36 

0.0002 

0.076 

0.047 
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Appendix 4 

Comparing Costs of Farms Using Different 
Nutrient Management Practices 

The goal of this analysis was to estimate the variable production costs for 
farms using different nutrient management strategies. The results arc used to 
estimate lhe cost of changing from a less-efficient to a more-efficient nutrient 
management strategy. We restricted our analysis to corn, given the large 
acreage and its intensive usc of nitrogen. 

Data on corn are from USDA's 2001 Agricultural Resource Management 
Survey (ARMS). This is the last corn survey from which Held-level cost or 
production data are estimated for each observation. Si\S General Linear 
Model procedure (GLM) was used to estimate a model of variable production 
costs as a function of management and resource-base variables. Least squares 
nleans were used to compare the per acre variable production costs between 
practices directly re1ated to nitrogen management. 

Total variable costs (TVC) were defined as the costs of seed, fertilizer, 
manure, pesticides. custom work. and fuel lubricants. We specified a model of 
TVC as a function of the following variables: 

(I) Usc of biotech or herbicide resistant corn 

(2) Use of rotation with soybeans 

(3) Use of nitrogen inhibitor 

(4) Tillage (conventional till vs. reduced/no till) 

(5) Timing (fall vs. spring application) 

(6) Method (broadcast vs. inject/incorporate) 

(7) Conservation cropping (contour or strip) 

( 8) Presence of nutrient management plan 

(9) Use of variable rate technology 

(I 0) Presence of irrigation 

(I I) Presence of highly erodible soils (yes or no) 

(12) Presenceoftiledrains 

(13) Growing season (northern tier. middle tier, southern tier) 

(14) Farm size (total corn acres on farm) 

(15) Yield goal 

An interaction term for timing and method (fall/no fall incorporate/ 
broadcast) was also included. The cost model was run separately for those 
farms that do not use manure and for those farms that use both manure and 
commercial fertilizer. About 16 percent of U.S. corn acres receive manure. 

Since most of the variables are class variables, we used the SAS General 
Linear Model procedure (GLM) to estimate the model. The R-Squarcs of the 
no-manure and manure-cost models are 0.21 and 0.16, respectively. and the 
models ure signitlcant at the 1-pcrcent leveL The majority of the explanatory 
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variables are statistically significant at the 5-perccnt level. Lea~t-squarc 
means of the production costs ($/acre) under the different management 
systems are presented in app. tahle 4. L along with an indication of whether 
the difference is statistically significant. Of interest to this study is that the 
cost under the preferred method/timing combination (spring/incorporate) 
is significantly different from the costs under the less-preferred, alternative 
combinations (at the 5- and 10-percent levels) for those farms that use only 
commercial fert1lizer (84 percent of treated corn acres). No significant differ­
ences in costs were found tt1r farms that use both manure and commercial 
fertilizer. 

Part of the difference in costs observed with ARMS data is clue to differ­
ences in chemical application rates. Since the NLEAP scenarios assumed the 
n1anagement changes were independent, altering rate, timing. and method in 
diftCrent combinations. we needed to separate out the nitrogen fertilizer cost 
from the total of changing managerncnt. \Ve ran the same models. but with 
nitrogen application rate as the dependent variable. Both of the models were 

Appendix Table 4.1 
Variable cost per acre of management practices 

Commercia! Commercial 
nitrogen only nitrogen and manure 

Dollars per acre Pr>t Dollars per acre Pr> t 

Management choice 

Continuous corn 131.23 .0001 165.63 .1330 

Rotation with soybeans 124.02 158.06 

Conventional tillage 128.79 .1554 128.79 .6671 

Reduce/no-till 126.46 126.46 

Fall/broadcast 127.84 .0582 158.89 .1587 

Fall/incorporate 128.39 .0557 155.25 .1867 

Spring/broadcast 132.54 .0001 158.53 .2078 

Spring/incorporate 121.74 174.70 

No 1rrigate 133.33 .0009 164.11 .7292 

Irrigate 121.92 159.58 

No highly erodible soil 124.92 .0088 157.98 .2013 

Highly erodible soil 130.34 165.71 

No nitrogen inhibitor 125.34 .0832 153.80 .0441 

Nitrogen inhibitor 129.92 169.88 

No conservation cropping 131.83 .0004 163.25 .6278 

Conservation cropping 123.42 160.44 

No nutrient plan 127.87 .8475 157.63 .1461 

Nutrient plan 127.39 166.06 

No variable rate 125.45 .1522 155.39 .2945 
technology 129.81 168.30 
Variable rate technology 

No tiles 128.79 .2095 168.02 .0366 

Tiles 126.46 155.67 

Source: USDA, ERS usmg USDA's 2001 Agncultural Resource Management Survey. 

Nitrogen 

-
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significant. with R-squarcs of 0.23 and 0.24. Differences in application rates 
between the spring/inject anti the other management combinations were posi­
tive (as expected) and significant at the 1-percent level for farms using only 
commercial fertilizer (app. table 4.2). The difference in nitrogen fertilizer 
costs was subtracted from the cost difference derived from the cost model, 
using a nitrogen fertilizer price of $0.30/lb. The cost of adopting appropriate 
method (assuming no change in tertilizer application rate) was estimated to 
be $7.35/acre, appropriate timing was $3.01 per acre, and both appropriate 
method and timing were $1.86/acre. For farms using manure. we assumed no 
differences in costs. 

Appendix Table 4.2 
Nitrogen application rates per acre by management practice 

Commercial Commercial 
nitrogen only nitrogen and manure 

Pounds Pounds 
per acre Pr>t per acre 

Management choice 

Continuous corn 136 .1544 218 

Rotation with soybeans 140 192 

Conventional tillage 137 .3583 202 

Reduce/no-till 139 208 

Fall/broadcast 143 .0001 191 

Fall/incorporate 141 .0042 201 

Spring/broadcast 140 .0001 220 

Spring/incorporate 129 208 

No Irrigate 129 .0002 210 

Irrigate 147 200 

No highly erodible soil 139 .5955 222 

Highly erodible soil 137 188 

No nitrogen inhibitor 135 .0017 189 

Nitrogen inhibitor 141 221 

No conservation cropping 143 .0004 175 

Conservation cropping 133 235 

No nutrient plan 137 .6002 197 

Nutrient plan 139 213 

No variable rate technology 138 .9899 224 

Variable rate technology 138 186 

No tiles 139 .4957 214 

Tiles 137 196 

Note: Parameter estimates from GLM modeL 

Source: USDA, Economic Research Service using data from USDA's 2001 Agricultural 
Resource Management Survey. 

Nitrogen 

Pr> t 

.0420 

.6433 

.0420 

.6433 

.8382 

.7692 

.0353 

.1354 

.0001 

.2950 

.3175 

.2384 
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Appendix 5 

Estimating Wetland Restoration Costs 

The cost of restoring a wetland is the sum of the cost of the land and the cost 
of restoring the land's water-hold capability and the wetland ecosystem. We 
generate wetland and re'ltoration costs using cost functions that we estimated 
using availahlc wetland cost data. Sample observations he in the Glaciated 
Interior Plains (GIPJ. 

The cost of the land to society is the diftercnce in its value with and without 
the wetland. The value of agricultural land without a wetland is assumed to 
be a function of the net value of its output, but the potential fOr nonagricul­
tural use can play a role. 

The USDA Wetland Reserve Program (WRP) sets wetland easement prices 
equal to the difference in land values with and without a permanent wetland 
easement. Therefore. WRP easement payments arc well suited as a measure 
of land cost. 

Land cost is modeled as a function of the agricultural value and value 
squared of the land in the contract (AgrValue and AgrValuesq), contract size 
and size squared (Acres and Acressq), the potential for urban development 
(Urban), and farm size (Fsize). Because a measure of the agricultural value of 
the land is not available, we use the product of the county-average farmland 
rental rate (Rent) and contract acreage as a proxy (it represents the annual 
agricultural value of the land). 

The adjusted R-square of the estimated land cost model indicates that the 
estimated ordinary least squares model explains 90 percent or the variation in 
WRP land costs. Variables are statistically significant and have the expected 
sign. With this cost function. we generate marginal and average land cost 
estimates by county throughout the GIP. To generate average cost we divide 
total land cost (generated with our model) by the size of the contract-all cost 
estimates are based on the median-size WRP easement. Across the counties 
of the GIP. average per acre costs range from $1,4'-JO to $3,030. 

Second. we generate the marginal cost function (MCr.l by differentiating the 
estimated land-cost model with respect to Acres: 

MCL = 925 + 4.32*Rent + 2.39(J0·6)*AgrValuc*Rent 0.127*Acres. 

for average-sized contracts, county-level estimates of MCL in GIP range 
from $985 to $I .790 per acre with a median cost of $1,390. 

Restoration costs are modeled as a function of the agricultural value of the 
land, the size of the contract, and other variables. The agricultural value 
is included as an explanatory variable because we believe that landowners 
would spend more to drain more productive lands and assume that restoration 
costs are positively correlated with drainage costs. 

Approximately 15 percent of the WRP contracts of the GIP report zero resto­
ration costs. Because the dependent variable is truncated, we use the Tobit 

Nitro~en 
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procedure to estimate the restoration cost function. The Tobit procedure 
simultaneously estimates the probability that the dependent variable is non­
zero and its expected size. Variables of the estimated model are statistically 
significant and have the expected sign. 

The estimated model is used to generate expected restoration costs. By 
dividing our model's county-level expected cost estimates by contract size, 
we generate estimates of expected average restoration costs. Costs range from 
$506 to $602 per acre across counties. 

Differentiating the estimated Tobit model with respect to the contract acres 
generates the expected marginal restoration cost function (MCR): 

MCR = (Z)*(0.888*Rent -2.12* AgrValue*Rent + 167) 

where (Z) is the cumulative probability function and Z is the estimated Tobit 
equation. For average-sized contracts, estimates of MCR across counties of 
the GIP range from $101 to $210 per acre. 

Policy! ERR~/27 
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Senator CARDIN. I would also like to point out that it is my un-
derstanding that there has been a lot of discussion about the nu-
meric nutrient standards, that it was the Bush administration’s 
EPA and the EPA Inspector General, the National Academies of 
Science and the State EPA nutrient task force, led by the Associa-
tion of States and InterState Water Pollution Control Administra-
tors and the Association of State Drinking Water Administrators 
all have highlighted the benefits of using a numeric nutrient cri-
teria. I just want to put that in for the record. 

Senator BOOZMAN. I think the problem is nobody envisioned the 
numeric numbers that they would come up with. And I don’t dis-
agree that is also a good way of doing things. But it should be that 
if a State comes up with a plan that makes sense, does what Mr. 
Werkheiser does, addresses all of the different functions that are 
going on, if they come up with that plan, they should have the abil-
ity to go forward with that as opposed to the EPA talking about 
collaboration. And yet if they come up with a plan that they say 
no, they want a numeric thing, which seems to be what we are 
pushing toward. 

Senator CARDIN. I am not so sure there is disagreement on that. 
As I understand it, we will hear from the Florida people shortly. 

Senator BOOZMAN. I think we would agree. That is my problem 
with it. 

Senator CARDIN. I think we all agree on local flexibility, as long 
as they meet the standards. 

Senator BOOZMAN. Reasonable standards based on science.. 
Senator CARDIN. Reasonable standards based on science. Abso-

lutely. We are in agreement. 
We can adjourn the Committee. 
[Laughter.] 
Senator CARDIN. Any other questions? 
Senator SESSIONS. Ms. Stoner, do you know how many agricul-

tural jobs are estimated to be lost in Florida due to the EPA’s nu-
trient rules? If you know? 

Ms. STONER. Again, we have asked the National Academies of 
Sciences to help us evaluate those different cost estimates. 

Senator SESSIONS. Well, the Department of Agriculture in Flor-
ida estimates it to be 14,500. When issuing the Florida nutrient 
rule, did you consider the cost associated with that implementa-
tion? 

Ms. STONER. Sir, the Florida rule is a science-based rule. The im-
plementation is where the costs are considered. And there are a va-
riety of flexibilities that will enable Florida to figure out how to 
achieve those standards while protecting jobs and reducing costs. 

Senator SESSIONS. Well, Florida Department of Agriculture esti-
mates $900 million and $1.6 billion in annual implementation costs 
just for agricultural land uses. That is a lot of money. Alabama’s 
general fund budget is around $2 billion. This is $1.6 billion. And 
another study estimated the annual implementation costs as be-
tween $450 million and $4 billion. 

So I guess all I am saying to you is at a time of job danger in 
America, we need to consider that as we go forward. I would also 
note that if you take over the management of these programs 
around the Country, it is going to stress your budget, even though 
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you have gotten 35 percent increase in 2010. Some of that was 
stimulus and it is not going to be repeated. Your baseline budget 
is up 16 percent in the last couple of years. So I would just say that 
with the budget situation we are in, and the economic situation we 
are in, I doubt the wisdom of Washington attempting to take over 
a situation in a State like Florida that has worked real hard to im-
prove its environmental productivity and have a reputation for 
that. 

Thank you, Mr. Chairman. 
Senator CARDIN. I don’t want to prolong this, I know in the next 

panel we will probably get into the same discussion. It is my un-
derstanding Florida has missed deadlines, though, that were estab-
lished by the courts. But we will get into that in the next panel. 
I am not sure how aggressive they have been in dealing with this. 

Thank you all very much. We appreciate the panel. 
Our second panel, let me introduce them as they come to the wit-

ness table. We have Andy Buchsbaum, who is the Great Lakes Su-
pervisor for the National Wildlife Federation. The 20-person staff 
regional office works with the NWF and other organizations in 
each of our Great Lakes States. 

I am particularly pleased to have a Marylander with us at this 
hearing, Nick Maravell. Mr. Maravell is a Maryland farmer and a 
member of USDA National Organic Standards Board. He has 
farmed organically since 1979. He emphasizes the value added on 
farm processing and direct marketing. Currently he has 170 acres 
under cultivation at Nick’s Organic Farm in Montgomery and Fred-
erick counties. For the past two decades, Mr. Maravell has con-
ducted on-farm research through grant programs and in coopera-
tion with USDA’s Beltsville Agricultural Research Center, Univer-
sity of Maryland and the Department of Agriculture. 

I will now turn to Senator Inhofe for an introduction. 
Senator INHOFE. Thank you, Mr. Chairman. I am real proud to 

have Shellie Chard-McClary here. She is a 1992 graduate of the 
University of Oklahoma, bachelor’s degree in chemical engineering 
and biotechnology. She has 19 years experience implementing the 
Clean Water Act, the Safe Drinking Water Act and comparable 
State statutes and operator certification programs. She has served 
as an officer or on the board of directors of organizations including 
the Water Environmental Federation, Association of Clean Water 
Administrators, Association of State Drinking Water Administra-
tors, Groundwater Protection Council and many others. She is a 
lifelong Oklahoman who knows, I think, a lot more about it than 
we do. So we are anxious to hear from you. 

I will have to say this, though, Shellie, I will have to leave before 
the conclusion of the second panel. I didn’t know the first one 
would take that long. It is great to have you here. 

Senator CARDIN. Welcome. It is nice to have you here. 
We also have George Hawkins, who is the General Manager of 

the D.C. Water and Sewer Authority, a utility providing drinking 
water delivery and wastewater collection and treatment for a popu-
lation of more than 600,000 in the District of Columbia, as well as 
the millions of people who work in the District. D.C. Water also 
treats wastewater from a population of 1.6 million in Maryland’s 
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Montgomery and Prince Georges Counties, and Virginia’s Fairfax 
and Loudon Counties. We appreciate Mr. Hawkins being here. 

We also have Rich Budell. Mr. Budell is Director of the Office of 
Agricultural Water Policy in Florida’s Department of Agriculture 
and Consumer Services. The office was established to facilitate 
communications along Federal, State and local agencies and the ag-
ricultural industry on agricultural water issues. 

We welcome all five of you and we appreciate your patience 
through the first panel. With that, we will start with Mr. 
Buchsbaum. 

STATEMENT OF ANDY BUCHSBAUM, REGIONAL EXECUTIVE DI-
RECTOR, GREAT LAKES NATURAL RESOURCES CENTER, NA-
TIONAL WILDLIFE FEDERATION 

Mr. BUCHSBAUM. Thank you, Chairman Cardin and members of 
the Committee. I am Andy Buchsbaum, Regional Executive Direc-
tor of the National Wildlife Federation’s Great Lakes Natural Re-
sources Center. Good afternoon. 

I am also the Co-Chair of the Healing Our Waters Great Lakes 
Coalition, which is a coalition of conservation organizations 110 
members strong devoted to protection and restoration of the Great 
Lakes. NWF also co-chairs other large scale restoration efforts like 
Chesapeake Bay, the Gulf of Mexico and America’s Great Waters 
Coalition. 

I really appreciate the opportunity to testify to you here today. 
NWF, this is a very important issue for us and our 4 million mem-
bers and supporters and 47 State affiliated organizations. 

Nutrient pollution is so important because our members are 
sportsmen and sportswomen. They are birders, they are people who 
love wildlife. And nutrient pollution has caused damage to con-
servation and recreation and their economic opportunities. You 
have already heard from the panel how widespread nutrient pollu-
tion is, and I am not going to repeat that here. But I do want to 
give you an example in the Great Lakes, because the statistics you 
have heard don’t capture the story, as Senator Inhofe knows, of 
what actually happens when you run into an algae bloom or a dead 
zone. 

Today, the National Wildlife Federation issued a report that you 
have in your packet. The report documents that a nutrient crisis 
emerging in the Great Lakes is causing massive ecosystem break-
downs. We are seeing, in Lake Erie, for example, the largest toxic 
algae bloom in recorded history, larger than when Lake Erie was 
declared dead in the 1960’s. The toxic algae that is involved there 
is called microcystis. It can cause death and illness in animals and 
people. It has been measured in Lake Erie at levels 1,000 times 
higher, 1,000 times higher than drinking water standards from the 
World Health Organization. 

We are also seeing algae blooms in Saginaw Bay in Michigan and 
Green Bay in Wisconsin and on the shores of Lake Michigan. On 
the shores of Lake Michigan, the algae there combined with 
invasive species are actually causing botulism outbreaks, botulism, 
which has killed thousands of fish and birds. This emerging nutri-
ent crisis is affecting people as well. We work closely with charter 
boat captains throughout the region. One is Captain Rick Unger. 
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He is the president of the charter boat association for Lake Erie. 
Captain Unger describes algae that goes for miles along the shores 
of the lakes and extends miles out into the lakes. It is up to two 
feet thick, and Senator Inhofe, you can imagine what kind of im-
pact you would have if you swam in that. In some places, it looks 
like green mud. 

This is what Captain Unger says: ‘‘The algae is toxic. There are 
posted warnings: don’t drink the water, don’t touch it, don’t swim 
in it. People are getting sick out on the water. Captains have res-
piratory problems.’ 

Captain Unger’s business has also been badly affected, as you 
can imagine. Bookings are down, re-bookings are non-existent. The 
fish have moved. As he says, when the algae moves in, the fish 
move out. Because his boat has to go much farther to catch fish, 
his business costs are skyrocketing. It is not just him, it is all the 
charter boat captains in Lake Erie. In fact, there were 800 such 
captains last year, this year there are only 700. He expects further 
decline next year. 

Captain Unger finally says, ‘‘There are miles and miles where 
fish can’t live. It is turning back into the 1960’s, when it was called 
a dead lake.’ 

This is just one example, and you have heard others, from the 
Chesapeake to the Gulf, to Long Island Sound. The bottom line 
here is that it is not just fish and fishing, it is also the fact that 
it is ducks and geese and hunting. That is where the economics 
really come in. The American Sportfishing Association reports that 
all told, there are 456 million anglers in the Country. They gen-
erate $45 billion in revenue. But anglers don’t fish where fish go 
missing and they die. 

It is clear that our current management strategies and policies 
are not getting the job done. We are asking Congress to recognize 
that fact, and also to keep your foot on the gas. We are not asking 
for additional regulations or mandates at this time. The existing 
framework is robust enough. For example, EPA and the States, as 
you know, are developing nutrient standards, numeric standards in 
many places, that don’t have a one size fits all mentality. The nu-
meric standards themselves in places like Ohio and Wisconsin 
vary, depending on the watershed, the stream segment and the 
needs of the near-shore and the offshore. 

The bottom line is the problems at this scale can only be solved 
with broad partnerships and funding. We ask Congress to continue 
to increase the funding to address these programs, particularly the 
Farm Bill, the SRF, State Revolving Loan Fund, Section 319 fund, 
and of course, the large scale restoration efforts like the Great 
Lakes Restoration Initiative and the Chesapeake Bay program. 

Thank you very much, and I would be happy to answer your 
questions. 

[The prepared statement of Mr. Buchsbaum follows:] 

VerDate Aug 31 2005 09:17 Jun 02, 2017 Jkt 000000 PO 00000 Frm 00228 Fmt 6633 Sfmt 6633 S:\_EPW\DOCS\24963.TXT VERNE



223 

VerDate Aug 31 2005 09:17 Jun 02, 2017 Jkt 000000 PO 00000 Frm 00229 Fmt 6633 Sfmt 6633 S:\_EPW\DOCS\24963.TXT VERNE 24
96

3.
10

3

Testimony of Andy Buchsbaum 

Regional Executive Director, Great Lakes Natural Resources Center 

National Wildlife Federation 

Before the 

United States Senate 

Subcommittee on Water & Wildlife 

Nutrient Pollution: An Overview of Nutrient Reduction Approaches 

October 4, 2011 

Good Afternoon Chairman Cardin, Ranking Member Sessions and Members of the 

Subcommittee on Water & Wildlife. [am pleased to appear before you today to discuss a 

topic of great concern to the National Wildlife Federation (NWF) and our 4 million 

members and supporters nationwide-nutrient pollution. As you know, excessive 

amounts of nutrients, namely nitrogen and phosphorus, threaten the environmental and 

economic viability of our nation's waters and the wildlife dependent upon them. Nutrient 

pollution is one of the most significant threats to waters all across the country. Excess 

nitrogen and phosphorus from sources such as sewage, animal manure, and fertilizer 

enter water bodies and have significant negative impacts on water quality. A 2009 report 

from a task group of senior state and EPA water quality and drinking water officials and 

managers found that half of U.S. streams have medium to high levels of nitrogen and 

phosphorus; 78 percent of assessed coastal waters exhibit eutrophication, nitrate drinking 

water violations have doubled in eight years; and algal blooms are steadily on the rise. 

Nutrient pollution also impacts almost all of our nation's Great Waters, both coastal and 

riverine ecosystems including the Chesapeake Bay, Great Lakes, Long Island Sound, 

Mississippi River, Ohio River, Puget Sound and the Gulf of Mexico. I am pleased that 

this subcommittee has asked for our thoughts regarding approaches to nutrient reduction 

in America's waters, but first, I'd like to take a moment to detail NWF's interest and 

work on this issue. 

The National Wildlife Federation is the largest private, nonprofit conservation education 

and advocacy organization with 47 state and territorial affiliated organizations. Our staff, 
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members, partners and supporters in communities across the country are working 

to prot.:ct and restore wildlife habitat, confront global climate change and connect kids 

with nature. Our members are sportsmen, outdoor enthusiasts, nature lovers, and others 

who share a passionate concern for wildlife. And many of our constituents are fisherman, 

birders, swimmers and boaters, who witness the destructive impact of nutrient pollution 

each summer as they watch growing dead zones, declining fish stocks, and rivers and 

streams that have been overrun by algae that can cause sickness and impede many 

recreational activities. 

Our regional offices throughout the country work with local and state governments to 

protect and restore local rivers, lakes and streams. We co-chair the Healing Our Waters 

Great Lakes Coalition, the Choose Clean Water Chesapeake Coalition, and the Coastal 

Louisiana Restoration Coalition. NWF is also a founding member and co-chair of the 

America's Great Waters Coalition, an alliance of national, regional, state and local 

organizations joined together to protect, preserve, and restore our nation's Great Waters. 

Each of these entities works in some capacity to reduce nutrient pollution because it is 

one of the most common and widespread pollution problems threatening America's 

aquatic ecosystems. 

EPA's most recent National Aquatic Resource Surveys of aquatic health found that 67% 

of our streams are in poor or fair biological condition, and that of the stressors assessed, 

nitrogen and phosphorus are the most pervasive in the nation's wadeable streams and 

lakes. Approximately 50% of streams and more than 40% of lake acres have medium or 

high levels of nutrients. States have identified more than 15,000 waters nationwide that 

have been degraded by excess levels of nutrients to the point that they do not meet state 

water quality standards. This trend threatens some of our nation's most treasured waters. 

Some of these systems have become so impaired that they are required by the Clean 

Water Act to implement pollution diets known as Total Maximum Daily Loads. The 

impact of these ecosystem declines is devastating to wildlife and to those who depend on 

them. I'd like to illustrate that point by using two of our nation's most important aquatic 

ecosystems as examples the Chesapeake Bay and the Great Lakes. 
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The Chesapeake Bay: A Declining Ecosystem 

In the Chesapeake Bay, nutrient pollution is so pervasive that each summer the mainstem 

of the Bay experiences a dead zone that covers as much as one third of the Bay. Despite 

efforts to rein it in, it continues to grow. This summer, the Bay experienced an unusually 

large dead zone, which the Washington Post noted might be the largest in history.' These 

dead zones take many victims from across the tropic scale. The nutrient-related decline of 

submerged aquatic vegetation has eliminated essential habitat for many fish, shellfish, 

and other aquatic life. When healthy, this submerged vegetation serves as rich nursery 

ground, providing food and habitat for juvenile fish. Molting crabs hide from predators in 

the grass beds. Larger fish such as sea trout, drum, perch, pickerel, and bluefish patrol the 

grass beds in search of food. Many small and interesting creatures including pipefish, 

seahorses, mud crabs, spider crabs, and several kinds of shrimp and minnows inhabit the 

underwater grass beds. 

Loss of submerged aquatic vegetation (SA V) has contributed to a substantial reduction in 

the once massive flocks of waterfowl that darkened the skies of Chesapeake winters. 

Populations of redhead ducks have declined markedly with the loss of SAY. Other 

species, such as the Canada goose, American widgeon, and canvasback, have had to 

change their feeding habits to include other sources of food. 

The low oxygen conditions created by excess nutrients have severely impacted life in the 

Bay. Since 1960, there has been a substantial increase in the amount of Bay bottom with 

dangerously low levels of dissolved oxygen. Bottom-dwelling, or benthic organisms 

including worms, clams, oysters, crabs, and many smaller invertebrates are an essential 

fink in the food web. With the decline of these benthic organisms, the entire Chesapeake 

ecosystem is altered. In fact, a recent study from the University of Maryland found that 

1 "Alarming Dead Zone Grows in the Chesapeake." Darrvl Fears. Washington Post. Published July 24. 
2011. 
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the Chesapeake ecosystem had been drastically altered by nutrient pollution over the last 

100 years. 2 

As a result, the famous Rockfish fishery has been limited. crabs and oysters are hard to 

find and beach closures are an annual occurrence. These are just some of the direct 

impacts of nutrient pollution on aquatic ecosystems, in the Chesapeake and throughout 

the country. Unless strong action is taken immediately to curb nutrient pollution, this 

story will continue to repeat itself throughout the country. 

Complicating Factors in the Great Lakes 

In the Great Lakes, excess nutrients are also causing massive ecological changes. Today, 

NWF is issuing a report, Feast and Famine in the Great Lakes: How Nutrients and 

Invasive Species Interact to Overwhelm Coasts and Starve Offshore Waters. The report 

documents the widespread ecosystem breakdowns and the policies and practices needed 

to address them. (See Exhibit I). As indicated in the report, excessive nutrients in 

nearshore waters - in particular phosphorus from both agricultural and point sources -

have brought the Great Lakes to a crisis point: 

• This summer Lake Erie experienced the worst toxic algal bloom in its recorded 

history- even worse than the 1960s. when Lake Erie was declared dead. 

• Miles of Lake Erie beaches have been closed and algae extends many miles out 

into the lake with thicknesses of up to 2 feet. Photos of these algal blooms and a 

satellite photo of their extent are included in this testimony (Exhibit 2). 

• Toxic and green algal blooms are common this summer in nearshore areas and 

embayments throughout the Great Lakes. including Saginaw Bay, Green Bay and 

the coasts of Lake Michigan. 

• Lake Erie is experiencing blooms of mycrosystis. a toxic algae. which has been 

measured at level.s 1.000 times higher than WHO guidelines for drinking water; 

this algae can cause sickness or even death in humans and animals. 

2 "Eutrophication of Chesapeake Bay: Historical Trends and Ecological Interactions." W. M. Kemp! ct al. 
Vol. 303: 1--29. "005. Published November~ L ~005. 
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• We are seeing extensive blooms of the algae Cladophora along Lake Michigan's 

shores, which have interacted with invasive species to produce outbreaks of 

botulism poisoning that have killed fish and birds. 

• Lake Erie has an anoxic zone where oxygen levels are too low for fish to live that 

seasonally extends thousands of square miles along the bottom of the lake. 

This emerging nutrient crisis is already hurting people and wildlife and damaging the 

region's economy. NWF's Great Lakes office works closely with charter boat captains in 

the Great Lakes, particularly those in Lake Erie. Rick Unger, president of the Lake Erie 

Charter Boat Captains Association reports on terrible conditions on the lake. He says that 

the algae goes for miles along the beaches and extends miles into the open lake. In some 

places, the algae is two feet thick and looks like green mud. According to Captain Unger: 

"The algae is toxic. There are posted warnings: Don't drink the water. 
Don't touch it. Don't swim in it. People are getting sick out on the water. 
Captains have respiratory problems. The Ohio Department of Public 
Health is investigating." 

In terms of Captain Unger's business, bookings are down; people don't want to go onto 

the water. Rebookings are nonexistent; once they've been out in the algae they don't 

want to go back. "When the algae moves in, the fish move out," reports Captain Unger. 

He says, "The costs of doing business are skyrocketing." He often has to go 10 miles 

further out to find fish, or 20 miles roundtrip. Gas costs $4.50 a gallon. his boat gets I 

mile per gallon, so that's an extra $90 (20 gallons) every trip. 

Last year there were 800 charter boat captains in Lake Erie. This year, there are 700 -

they lost 100 in a year. And by next year there will be a lot fewer. Captain Unger says 

there is no doubt that trend is because of the algae blooms. 'There's miles and miles 

where the fish can't live," he says. "It's turning back into the 1960s, when it was called a 

dead lake." 

This nutrient crisis in the Great Lakes is exacerbated by invasive mussels. Quagga and 

zebra mussels, now numbering in the trillions in Lake Michigan alone and widespread 

throughout the Great Lakes, have caused a major ecosystem shift: their efficient filtering 
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capabilities are sequestering much of the nutrients already in or entering lake waters and 

redirecting them to nearshore and deep bottom waters. reducing availability to other 

organisms. This phenomenon is encouraging explosive algal blooms in the nearshore 

while at the same time forming a nutrient desert in offshore waters, contributing to 

declines in fish populations. For example, Lake Huron has endured a 95% decline in fish 

biomass in offshore waters of Lake Huron in 15 years and we've seen and 80 percent 

decline in "primary production"- organisms in the water column that feed fish- in Lake 

Michigan in the last 25 years (since mid-1980s). In addition, the populations of the tiny 

freshwater shrimp, Diporiea, that is the base of the Great lakes food web, , have declined 

in Lake Michigan by 94% in 10 years and in Lake Huron by 57% in 3 years. This is 

unprecedented: algal blooms caused by excess nutrients and fish population crashes 

caused by too few nutrients, all happening in the same ecosystem. 

Today's Feast and Famine report from National Wildlife Federation makes a number of 

policy recommendations that are included in the policy section of this testimony. I would 

like to highlight three overarehing principles here. First, management actions based on 

whole-lake objectives alone (or alternatively, focusing on one part of the ecosystem, such 

as offshore waters) are unlikely to be successful. Controls and management strategies 

need to take into account the different conditions of nearshore and offshore areas. As part 

of an overarching lake- or ecosystem-wide management approach, we need to refine 

management and policy at smaller levels (e.g., sub-basin or watershed) as appropriate. 

Second, while implementation of policies specific to nutrients and invasive species is 

criticaL we need to explore policies that can address both stresses in an integrated way. 

For example, if research indicates that an invasive species may be limited in part by 

nutrients, reductions in nutrient loads could slow its growth and spread while reducing 

risks of harmful algae blooms. Finally, further nutrient reductions, particularly in targeted 

watersheds, are essential. Today in the Great Lakes, new nutrient loadings will in many 

cases continue to feed harmful algal blooms or invasive species, rather than contribute to 

the growth of desirable fish species. 
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The Great Lakes and Chesapeake are just two examples of the severity of the nation's 

nutrient pollution problems. As Captain Unger reports, those problems are causing 

economic as well as ecological damage. Spending a pleasurable day on the water usually 

involves at least some expense for travel, equipment and supplies. When multiplied by 

America's nearly 40 million anglers, their dollars employ millions of people in industries 

ranging from fishing tackle manufacturing to travel and hospitality to boat 

manufacturing. Since anglers are found in every state, their expenditures have a 

significant effect on state and local economies as well. 

While many people recognize the recreational and economic benefits of fishing, its 

significant conservation benefits often go unnoticed. For each fishing-tackle purchase and 

each gallon of boating fuel consumed, a portion of the money is returned to state fish and 

wildlife agencies for conservation efforts. America's success in restoring many species of 

fish and wildlife and protecting natural habitat can largely be credited to the billions of 

dollars generated by sportsmen and women. 

The American Sportfishing Association reports that 45 million anglers generate $45 

billion every year in retail sales.3 A portion of this money goes to licensing and other 

fees, which are the primary source for improving fish habitat, public access and 

environmental education. 

Sportfishing, and the powerful economic effects it creates, would not be possible 

without fish. Those same fish would not exist without suitable habitat, which makes clean 

and healthy rivers, lakes and coastal waters essential to the bottom line. For this reason, 

NWF urges this committee to do all it can to reduce nutrient pollution in our nation's 

waters. 

Looking Forward and Reducing Nutrient Pollution. 

3 "Sport Fishing in America: An Economic Engine and Conservation Powerhouse." American Sportfishing 
Association. Revised Edition, January 2008. 
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Understanding the impact of nutrients on our nation's waters, NWF believes that the 

federal government has taken some key steps towards remedying .this problem and that 

several others must be considered. 

EPA acknowledged the national extent of the nutrient problem, when it issued its 1998 

"National Strategy for the Development of Regional Nutrient Criteria." The report 

reflected an understanding that numeric nutrient criteria can be an effective way to 

prevent nutrient pollution and to help states comply with the Clean Water Act. EPA 

encouraged every state to develop numeric nutrient criteria to protect waters from this 

source of pollution and to help them meet water quality standards under the Clean Water 

Act. In 2008, an EPA status report found that 19 states have adopted numeric nutrient 

standards for some or all of their lakes and reservoirs, and 14 states have adopted numeric 

nutrient standards for some or all of their lakes and streams. We believe that numeric 

nutrient criteria is the most logical way to ensure ecosystem health in a site specific 

manner. and urge EPA and Congress to continue to work to ensure that every impaired 

stream segment, river and lake has a numeric nutrient goal to help restore the ecosystem. 

To that end, we applaud the specific EPA actions in Florida and the Chesapeake Bay to 

promulgate and implement numeric nutrient criteria and we recognize the national 

significance of these initiatives. A recent article in the Environmental Law Reporter 

summed this up best, stating, 'The CW A, with multiple paths to its destination. is 

reinventing itself once more. Enacted in modern form in 1972, the next quarter century 

saw EPA focused on the development of technology standards for industrial and 

municipal point sources. In the mid-l990s. prodded forward by a stream of citizen suits, 

the Agency started to address nonpoint sources of pollution through water quality 

standards and the TMDL program. This movement stalled from 2000-2009 and the 

current revival raises the question of whether EPA can finally make nonpoint and 

ambient-based controls effective. The answers are being tested in two venues where the 

problems are among the most acute and their solutions the most resisted: the Chesapeake 
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Bay and Florida. As go the Chesapeake and the Sunshine State, so will go the future of 

clean water for years to come. 4 " 

The success of EPA's initiative to work with the state of Florida to reduce nutrient 

pollution may foretell the fate of future generations. If this initiative is further delayed, it 

could stymie similar efforts throughout the country and ensure the permanent decline of 

our nation's aquatic ecosystems. If EPA cannot effectively limit nutrients in Florida, a 

state dependent on recreation and tourism, where the algal blooms are so pervasive that 

they can be seen from the shores of most rivers and lakes, what chance do other 

ecosystems have? 

In the interest of the Everglades, water quality throughout the state of Florida and all of 

the waters impaired by nutrients throughout the country, we urge the committee to 

recognize the importance and necessity of the promulgation of numeric nutrient criteria, 

in Florida and wherever else nutrient pollution threatens rivers, lakes and streams. We 

urge you to support the EPA as it works to ensure that all Americans enjoy healthy and 

pollution free waters. 

In addition, NWF recommends that: 

• Restoration funding such as the Great Lakes Restoration Initiative, EPA's 

Chesapeake Bay Program, the Long Island Sound Study and other restoration and 

pollution reduction programs must be increased and used to intensively target 

these damaged eutrophic areas with targeted funding to help farmers improve 

conservation practices and identify the precise vectors and mechanisms that are 

causing the algal blooms. EPA and other agencies should support an integrated 

suite of activities, not isolated actions. 

• Funding to stop combined sewer overflows and raw sewage overflows is 

essential. Although not the primary source of nutrient pollution overall, in many 

4 
Houck, Oliver A. "The Clean Water Act Returns (Again): Part I, TMDLs and the Chesapeake Bay." 

Environmental Law Reporter. March, 20 ll. 
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places these large wastewater treatment plants have huge and lasting effects, 

impacts that will get worse as storms continue to worsen. For this reason we urge 

reauthorization and maximum funding for the Clean Water State Revolving Fund. 

• EPA must do a better job of developing and approving nutrient standards that 

match the conditions of different waterways and different segments of waterways. 

A one-size-fits all approach will only cause further damage. A single state-wide 

nutrient standard will not work; and in many cases, neither will a lakewide 

nutrient standard. We urge Congress to do all it can to assist states and EPA in 

promulgating and implementing site specific nutrient reduction targets. 

• Farm Bill programs are essentiaL Most producers will not take their land out of 

production for essential buffer strips or wetlands if it substantially hurts their 

bottom line. We need financial incentives to at least cushion the blow. Funding 

for the conservation title of the Farm Bill is essentiaL We urge Congress to 

expand conservation funding in the next Farm Bill and to ensure that these 

mandatory funds are not capped annually by the Appropriations Committee. 

• There needs to be more research. Many of the practices that once reduced nutrient 

loadings are not working any more, or at least are not working in the same way. 

For example, no till farming has had strong benefits in reducing sediment 

transport and runoff. However. in places such as the Lake Erie watershed, we are 

now seeing less uptake of fertilizers in the soil and higher amounts of soluble 

reactive phosphorus, a much more damaging form, which might result from those 

no till practices. 

• We need to address drainage and tileage. Extensive tiling means that substantial 

runoff is never captured by buffer strips, and may bypass wetlands. We need to 

encourage 2-stage ditches. 

• We must address the hypoxic zone in the Gulf of Mexico, our nations' largest 

deadzone by providing adequate conservation planning and financial assistance to 

farmers along the Mississippi River and its tributaries. 

• Finally, for nutrient standards to be successful in cleaning up America's waters, 

they must be enforced in the 60% of the nation· s waterways that flow 

intermittently and the wetlands associated with them. These small streams and 
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associated wetlands do the lion· s share of the work in filtering nutrient run-off 

and storing sediment and floodwaters, yet they are losing Clean Water Act 

protections and are at increased risk of pollution and destruction in the wake of 

controversial Supreme Court decisions in 2001 and 2006. We urge the Committee 

to support efforts to restore Clean Water Act protections to these streams and 

wetlands. 

While these recommendations are not exhaustive, I believe that if enacted, these would 

make a significant contribution to the reduction of nutrient pollution in our nation's 

waters and allow the health of their ecosystems to slowly recover. I thank you for the 

opportunity to discuss this most important issue with you and look forward to answering 

your questions. 



234 

VerDate Aug 31 2005 09:17 Jun 02, 2017 Jkt 000000 PO 00000 Frm 00240 Fmt 6633 Sfmt 6633 S:\_EPW\DOCS\24963.TXT VERNE 24
96

3.
11

4

How and Invasive Interact to 
Overwhelm the Coasts and Starve Offshore Waters 
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competition for food with other species and has fundamentally altered energy and nutncnt flow pathways 

through the food web. One result is that fish in the offshore such as native lake whitefish and burbot and 

naturalized Chinook salmon in Lake Huron have steeply diminished in numbers and in health as their prey 
base is altered. 

Lake Erie and nearshore waters in other Great Lakes, however. face the opposite problem: too rnany 

nutrients are wreaking a dift{Tent kind of havoc. Excessive nutrients in nearshore \Vaters··-- in particular 

phosphorus from both agricultural and point sources- haw: caused or contributed to problems such as toxic 

algal blooms~ green algae blooms (including the nuisance alga Cladophora), avian botulism, and the Lake Erie 

central basin ''dead zone''. Indeed, the summer of 20ll witnessed one of the most extensive harmful ~1lgal 

blooms ever recorded for western Lake Erie~ leading to numerous recreational advisories. 

How can one part of the Great Lakes (coastal and nearshore areas) be overcome with excessive nutrients 

\vhi!e other parts (offshore waters) are deprived of sufficient nutrients? Invasive mussels, now numbering in 

the trillions in Lake Michigan alone and widespread throughout the Great Lakes, are a likely cause. Zebra and 

quagga mussels have sufficient filtering capahilitles to sequester much of the nutrient'! already in or entering the 

lake waters and redirect them tn nearshore and deeper bottom waters, reducing: availability to other organisms. 

This phenomenon is encouraging explosiw; algal blooms in coastal areas and the f(xm:ation of a nutrient desert 

in of(~hore waters, which has contributed to steep declines in fish populations. This is unprecedented: ~1lgal 

blooms caused by too many nutrients, and fish population cr~1shcs caused hy too tCw nutrients. 

There is no single solution to this ecosystem breakdo ... vn. The widespread changes in the Great Lakes 

nutrient eyrie that arc ctUsing simultaneous fe:~st and (~rninc require sophisticated responses; one-s-ize-fits­

all measures arc unlikely to succeed. Three overarching approaches can help address this dichotomy. First, 

management actions based on whole-bke objectives alone (or alternatively. focusing on one part of the system~ 

such as offshore waters) arc unlikely to be successfuL Controls and management strategies need to take into 

account the diHerent conditions of nearshore and offShore areas~as has heen recognized to some extent, 

t(x example, with different phosphorus targets f(,lr western and eastern Lake Eric. In short, as part of an 

overarching lake~ or eco~ystern-wide tnanagernent appnKKh, \VC need to rchnc management and policy at 

smaller level~ (t·.g., ~ub-ba!,{n or watershed) as appropriate. St..'COn(-C ~llthough implementation ofpolicic\ ~pecific 

to nutrients and invasive species (in p~1rticu!ar inYasive mussels) is critical. we need to explore policies that can 

address both stresses in an integrated \Vay. For example. if research indicates an invasive species may be limited 

in part by nutrients, reduction in nutrient loads could slow its grmvth and spread while also reducing risks of 

harmful algal blooms. Finally, further nutrient reductions (particularly in targeted watersheds) are essential. 

Today in the Great Lakes, new nutrient loadings will in many cases continue to feed harmful or nuisance 

alg:.1c, or invasive species, rather than contribute to the growth of desirable fish species. We need to idt'ntlfy and 

implement measures that promote the growth of native and naturalized species, while minimizing (or ideally 

~voiding) benefits to nuisance or invasive species. 

With these overarching approaches in mind~ there are a Yariety of existing policy tfame\vorks and tools that 

can help further nutrient reduction cffims, including the f(>llowing: 

A stronger Great Lakes Water Quality Agreement. The current renegotiation of the Agreement oft{~rs the 

opportunity to establish new goals and identify key program targets in the U.S. and Canada in order to 

address nutrient problems in the lakes. Given new nearshore-offshore dynamics, recognition of the impor­

tance of different ttxms of nutrients {e.g., soluble reactive phosphorus), and inherent natural diffCrenccs 

between the lakes, the establishment of different nutrient target concentrations and loads is appropriate fOr 
each lake and potentially subwatersheds or basins. In addition, the Agreement should call ti>r establishment 

of a basin-wide Phosphorus Task Force to research and advise the governments, and the Agreement should 

propose spccitlc oh}cctiYcs, measurable outcomes. and timetables ti:1r achievement of nutrinH reduction goals. 

Expanded eftorts through U.S. Farm Bill programs. Programs such as the Environmental Quality lncentiYes 

Program, the Conservation Reserve Program, and Conservation Stewardship Program should be strength­

ened to further reduct sediment and nutrient exports from agricultural watersheds. Funding for these 

programs should he maintained and expanded, and the programs themselves should be more targeted. For 

example. they should use a watershed-based approach to prioritize nutrient reduction cftt)rts directed at both 

spt·rific sourn:s of nutrient:-. as we11 a~ probkrn areas in tributary and nearshore water~ in the region. 

Z I rt:AST AND FAMINE tN THE GREAT LAKES 
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appmpri:nc: 
consider.ttion of more stringent permit 
limltsf{)r 

mcnt pbnt~; incrc~J-;ed development 

<tml impk-mcnt<ltion of total.!naximnm 

loads for and promo~ 

tion {and adcqtutc funding) of Clean 
\Vater Act s~xtion 3iiJ projectstnrgetc{l. 

~1t \VJtershcds prioritized 

enhancing education and outreach d}()rts on. applicltion of fCrtilizcrs. 
and 

Great Lakes Restoration Initiative cfll)fb. GLRI funding should be targett'd in \vays that rmphasiu 

nutrient reduction project;; dircctn1 at watersheds prioritized based on both source-s and nutrient impairments. 

scope of and 

improving best management 
\Vhik a numb<·r of ctfurts ,w~ 1wedcd to ,1ddrcss ongoing nutrient problems, it is dear that increased efli)ftS 

a !so to prevent additional major ecosystem changes from aquatic invasive species. Pr;:;ventinn must 
be :1 cornerstone of dl-i)rts addressing tn;Jjor discharge 

bet\VCI..'fl the ~ll<;sissippi Riwr and Gn:at Lakes 

mcl<>mc~ f{H· sptxics ;1.lrc~Hly esuhh:.hcd mmt be pursued, including Hmov~Hive biocnmrol nKasurcs and tlshny 
man;tgemcnr practices tlut of concern with minimal nsk of other negati\·c impa\:'tS. 

~~ JH,'t·d fix rdated tn mnricnts ;wd 

we!! ,\s improved binarion;tl coordination of aH aspects of monitoring. 

better tltHler<>t<1nd nt1tricnt 

innovative snlutiuns sucn..'l-:dt'd !n the 

that further and mon!tnrin)!: arc neukd to better understand rh:mges in dw nutricm \")-dt.' :md other 
lake o:osystem ch;nlgcs, strong~·r ~Ktions are needed novv, 1111d hdit'\·-c a combitntion of targeted and holistic 

appro;1chcs to;1ddress nutri~·ms and inv;~sivc SJX'l'ies t>Jgcthcrnflt_,rs great potentiaL The lakes n::mJin at a tipping 

point, ,1nd it i~ br lb to jnin t{m.·e) :we! dn.-clop innovatin: policy S{1(utions 

thattmby 
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SECTION 1 

INTRODUCTION 

T 
he five North American Great Lakes-Superior, Michigan, Huron, 

Erie, and Ontario -comprise the largest freshwater system on Earth, 

containing nearly 20% of the available surface fresh water in the world. 1 

This precious natural resource is the ecological, economic, and cultural 

backbone fix a large region of the United States and Canada. The Great Lakes affect 

the lives of more than 40 million people who live in the basin and depend upon 

the lakes f(x drinking water,' and the region's population continues to grow. [t is 

estimated that 30% of the population of the Great Lakes states (besides New Y(Jrk) 

resides in coastal communities.' 

A diversity of plants and animals also calls the Great Lakes home. This unique freshwater system once sup­

ported IRO specie" of fish unique to the Crcat Lakes, and today is home to fish :mch as Ltrge- and small mouth 

bass, muskellunge, walleye, yellow perch. whitefish, lake trom, and lake sturgeon. The abundant green spaces 

and fOrests in the Great Lakes basin provide vital habitat to animals such as moose, \volves~ hears, fOxes. deer, 

and bald eagles:' The unique coastal ecosystems and wetlands in the region support threatened and endangered 

birds such as the piping plover and the whooping crane.' 

The abundant freshwater resources ;md wildlifC of the Great Lakes t(">rm the fimndation of the region's 

economy. I fit were its own country, The Great Lakes-St. Lavvrence River region (encon1passing the U.S. and 

CanaJa) would be the f(mrth largest economy in the t.vorld.'' Industries such as manut~Kturing. shipping, and 

conHncrrial fishing th~1t tk·pend on the lakn~ ar(' kt·y components of the regional economy. In the U.S. alone, 

more than l.'i million jobs are tied directly to the Great Lakes-' Perhaps the most vital contribution of the Great 

Lakes to the region's economy, however, is their importance to recreation and tourism. The unique beauty of 

Grett L.akes shordines is showcased through f(mr U.S. N~1tional Lakcshores and ;t National Park,~ in addition 

to countless state and local parks and recn:ation area~ across tht• ba~in. Recreational fishing in the GreJt Lake~ 

is worth more than $i billion annually;1 and recrc;Jtional boating: creates an cconornic impact of oYer $30 billion 

each year.1
u ~tore than 200,000 iobs in the region are supported by Great Lakes recreation and tourism. 11 

A healthy Great Lakes ecosystem is vital to sustain and promote the wealth of recreational opportunities in the 

region. Water quality and wildlitC must be protected. restored and enhanced to support tourism, economic growth, 

and other benefits provided by the lake:.;. There is .1 lon~ hi:.;tory of cooperative cff(1rts in the U.S. and Can,tda to 

protect and restore the Great Lakes, as summJrized in Section 5. Coordination \.Vas enhanced on the U.S. side in 

2005, when federal agencies, t-,rovernmcnts of the elght Great Lakes states, tribes, industry and nongovernmental 

organizations recognized the need tOr a coordinated restoration cff()rt and joined fi)fces to create ~1 shared vision f()r 

the lakes under the Great L1kes Rc,;ional Collaborntion (GLRC) Strategy." Through the creation of the GLRC 

Strategy. the region showed that it was ready to im·est in projects that would directly advance common restora­

tion goals. In response, the tcderal government created the Great Lakes Restoration Initiative (GLRl), a five-year 

investmt~nt that included $471 million ti.Jr restoration and protection programs in its first year. 

So far. the GLRI has funded numerous projects across the basin that are restoring wildlitC habitats. clean­

ing up beaches. and t:ducatlng the puhlic on invasive species, to name a tCw.1
' In addition to ecological benefits. 

the GLRI is providing an economic boost to the region: the Brookings Institution estimates that t()r every $1 

invested in Gre:J.t Lah·s rcstoc.ltion, $2 of economic benefit are prnduced.14 

4 I FEAST AND FAMINE IN THE GREAT lAKES 
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FIGUREl. 

SECTION 2 

BACK FROM THE BRINK 
Historical Nutrient Pollution and Recovery 
in the Great Lakes 

S 
incc EuropC'an scttkmcnr, a!! five of the Crc;tt L1kcs h,tV<'" progressed toward .;;lightly more hiologlc.llly 

productivt', or eutrophic, conditinns (see Box 1)." 1 In the 1950s and !96th, hmvcvcr, rapid and dr<Jmatic 

eutrophication occurnxl in many areas (lfthe lakes due to hum<ln inputs of nutrients. This phenotnc::nnn. 

known as ''cultural cutrophicatiim," was C<IUSC(l by cxccs<;ivc watershed inputs (<lr loading) of ph(JSj)ho­

rus from human activities. Some phosphorm pollution wa" dumped directly into tht~ lakes or their tributaries 

via ··point sources" such as outtiows from W<IStcw.1ter rrc.nment plants and storm ~ewers. Excessive phosphorus 

loading abo c.mlt' from "nonpoint" ~ource~ WC"h a~ f(:rtdm:r~rich runoff from agricultural fields (See f'ig:ure 1 ). 2' 

Inputs Outputs Transport processes 
----~-- _ ........ --, 

Perhaps the most dramatic symptoms of cultural eutrophication in the Great Lakes during thi" period were 

l:uge, harmful blooms of algae, particubrly blue-green algae. These harmful algal blooms cause: unpleasant 

drinking watt:r task and odor and can produn: toxins dangcrous to humans and wildlift·.-~< Large- mats of a 

filamentous green alga, Cladophora, also reached nuisance levels in many areas of the Great L1kcs in the mid­

l1)00s.~'· t{mling beaches and impacting recreation. Harmful algal blooms were particularly severe in lakes Eric 

and Ontario, which vvere more eutrophic than the upper lakes, but they also affi:cted area<. of lakes ~1ichi,gan 

and Huron such as Saginaw Bay and Green Hay.~~ In addition to impacts to beaches and hum;lll health, another 

consequence of massive a!gal hlooms is hypoxia. When large.: amounts of algae die and settle to the \ak(• bot­

tom after a bloom, decomposition increases, consuming a\·ailable oxygen. This leads to oxygen-poor bottom 

waters that arc unable to support mosr ti:mns oflifC-hen(e the term "(lead 7.nncs" commonly used to (lcscribc 

hypoxic area!'>. Hypoxia em lead to fi:.h kilb :md owr time dt•crea:.es bio(hvt.:r!'>ity in eutrophic lakes.~~ At th<.' 

peak of cultural eutrophication, iO% of central Lake Erie's bottom waters suffered ffom pronounced hypoxia, 

negatin·ly affecting benthic (bottom-dwelling) organi~rm and fi:.h. 2
'' 

Community <>tructure of phyrop!.lnkton lfl(Jating plant<;. or .tlg.te, see Rnx 2) .1ho shifred in respon-.;c to 

increased nutrient loading and emrophication in the Great Lakes. In f.ake Eric, a m~1jor incn-'~lse in blue-green 

6 I fEAST AND fAMINE IN THE GREAT LAKES 
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BOX 1: TROPHIC STATES 

The five Great Lakes historically vary in their "trophic states." A body of water's trophic state represents its 
biological productivity, which is primarily controlled by the availability of nutrients such as phosphorus and 
nitrogen." These nutrients limit primary production, which is the growth of phytoplankton and other plants 
(often assessed by measuring the amount of chlorophyll a in the water). In the Great Lakes, phosphorus is the 
nutrient that limits bioloqica! activity under most conditions. 17 Primary production in turn limits secondary pro~ 
duction at higher trophic levels, or higher levels of the food web, such as fish. Thus, lakes with fewer nutrients 
wi!l be less productive overall, or at lower trophic states, than those with more nutrlents. 

In general, lakes are classified using three trophic states: oligotrophic, mesotrophic, or eutrophic. Oligotrophic 
lakes (such as Lake Superior) have very low nutrient concentrations and thus low primary productivity. Water in 
oligotrophic lakes is very clear. Mesotrophic !akes are more productive than oligotrophic lakes, and have moder­
ately clear water. Eutrophic lakes (such as Lake Erie) have the highest concentrations of nutrients and thus the 
most productivity. The dense growth of phytoplankton in eutrophic lakes causes their water to be murkier. The 
algae community in eutrophic lakes tends to have a larger abundance (especially in warmer months) of blue~ 
green algae (more formally cyanobacteria), which can sometimes produce toxins. These three trophic state 
classifications are useful, but in reality, lakes fall along a continuous spectrum of productivity; thus, they can be 
described using terms such as ''u!tra~o!igotrophic," "meso~eutrophic," or "hyper~eutrophic." 18 

In the absence of human influences, the physical qualities of the Great Lakes (such as their depth, temperature, 
and geologic settlng) and the characteristics of their watersheds determined their trophic state. Deep, cold 
lakes such as Lake Superior and Lake Huron were historically oligotrophic." Lake Erie, on the other hand, is 
much warmer and shallower and as a result is more productive (even in the absence of human activities). 20 Of 
course, the Great Lakes are complex bodies of water with distinct basins and embayments that often have differ· 
ent trophic states than their open waters. For example, Lake Huron's Saginaw Bay tends towards mesotrophic 
or even eutrophic conditions, even though most of the lake is oligotrophic. 2 : Siml!arly, nearshore waters ot lakes 
Michigan, Erie, and Ontario tend to be more eutrophic than offshore areas. 22 

BOX 2: GREAT LAKES FOOD WEBS 

To appreciate the scope at recent changes in Great Lakes 
food webs and nutrient dynamics, it is important to under­
stand the structure of food webs and their historic condi· 
tions. Prior to major species invasions, the Great Lakes 
pelagic (open water) fish community was dominated by 
lake trout and burbot-piscivorous predators (fish that prey 
upon other fish) that fed in deep waters on small forage 
(or prey) fishes such as lake herring, deepwater ciscoes, 
and bloaters . .:w ln shallower, nearshore areas of the Great 
Lakes, the fish community was dominated by smallmouth 
and largemouth bass, muskellunge, northern pike, walleye, 
yellow perch, and smaller fishes such as emerald and spot· 
tail shlners. 31 

At the base of historic food webs, fish production has his tor· 
ically been supported by iarge populations of benthic mac· 
roinvertebrates (small, bottom-dwelling crustaceans and 
insects), dominated by the amphipod Diporeia-" Diporeia 
was vital to the diets of many fish species and was preyed 
upon by most Great Lakes fishes at some point in their life 
cycle." Pelagic forage fishes also graze on zooplankton 
(tiny animals that swim in the water column) that in turn 
feed on phytoplankton (microscopic floating plants). 

algae, which are well-suited to eutrophic 

ronditions. occurred. H Changes in benthic 

communities also occurred in response to 

eutrophication. Declines in \vater and sedi­

ment quality in western Lake Erie caused 

populations of the mayAy Hc:r:agenia, once 

the most dominant benthic invertebrate, to 

disappear heginning in the late 1950s." 

The serious ecological and economic 

impacts of cultural eutrophication vvere 

well-documented by the scientific commu­

nity in the 1960s, and the media brought the 

issue to the public's attention. In response, 

the governments of the U.S. and Canada 

signed the land.m;uk Great Lakes \Vater 

Quality Agreement (GLWQA) in 19i2. In 

the agreement. the two countries pledg-ed to 

solve the eutrophication problem by reduc­

ing loads of the nutrient phosphorus to the 

lakes, primarily through controls of point 

sources such as discharges from wastewa­

ter treatment plants. In addition, both the 

U.S. and Canada passed federal legislation 

and t(Jrmed new agencies to implement and 
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enftm:e environmental bw~ protecting w,ltt'r yuality. Pha:-c··out\ and bam on pho::.phorus in 

the tl·deral gmanmcnt in Canada and by individual U.S. municip;tlitics and statt:s in the 1970~ 

and l'JXOs. Revisions tl-w GL\VQA in l'J78 n:rog:nu::l'd importance of nonpoim soun:c~ of nutrient k<;ld-

programs {such addn·..;,ing: agriculwr;d practict."i and urban 
suurn·s. ~~-(For !ntJre int(mnation nn policy to reduce phosphorus pollution, see Section 

Tlw eff()rtS of the and Canadinn to curb nutrient poHution uff: the pho'lphNu:o. 

reduction progr~nns gcncr~11!y worked and the sub'~t:qucnr rc\-ersal o(cu!tuni eutrophication the (;n.',\t Lake~ 
became a great l'nvironment.d pho::-phorus loadings 

dw basin.,- and 

\)nt<1rio fi>llowing 
oligotrophic ">tate by t!w 

l!J90~.H Chlorophyll nmn:ntrarions de-din::d in all thn.Y hasim of Ld .. c f;r!lowing phosphorus load 

and from cutrt>pby to me-sn-oligotrophy. h 

ph,esphorus l()J..tling-
!n bk-.'s and ()mario. shitts in phytoplankton and 7noplanktnn communities indi(atcd a mm·enwnt 

made a comdxKk aftt::r pop-
fmp,H:tc\1 fi,h comn1.unim·\ n:::boundcd wdl: Lake 

tn the reviul of walk:ye populatioms1 and improYed overall il::.h 
commumty th:H the progr:un:-, 

the of halting and 
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SECTION 3 

ONGOING ECOSYSTEM SHOCK 
Invasive Species in the Great Lakes 

E 
ven betOre excess nutrient loading caused cultural eutrophication across the Great Lakes, humans 

\Vcre polluting the ecosystem in another way: through the introduction of non-native species. 51 This 

section details two chapters in the history of invasive species in the Great I ~akes: top-down fOod web 

changes caused by several invasive species that :1ffected fish communities, and bottom-up shifts caused 

by invaders tbat have altered the base of the t(lOd web. It is important to note that in analyzing some fiJod web 

changes, It is difficult to separate the effects of reduced nutrient loading from the impacts of invasive species because 
these changes were occurring simultaneously.~~ 

Early invasions alter the fish community 
Great lakes fish communities have undergone many drastic changes since human settlement of the region. Fish 

populations in particular were heavily impacted by several non-native species introductions that began in the 

mid- to late 1800s. The invasion of the sea lamprey, a species present in Lake Ontario as early as 1835 (and pos­

sibly native to the lake) that spread to Lake Eric by 1921, likdy had the greatc>t impact on fish populations." 

Sea lampreys are parasitic~ eel-like fishes that attach to other fish and ft-ed on their blood and bod!ly rluids; one 

adult sea lamprey can kill up to 40 pounds of fish in as little as a year. Sea lamprey predation. combined with 

commercial overharvesting (and in some cases other factors such as toxic contamin.;mts~!'), led to the collapse of 

populations of native lake trout, burbot, and lake whitefish in the mid-I~OOs." 

The decline in abundance of top predators allowed populations of the alewife-a small, invasive forage fish 

that eats zooplankton- to grmv unchecked. Alewives. native to the Atlantic coast of the United States, prob­

ably invaded the Great Lakes through the Erie Canal and were common in Lake Ontario by 18i3, although 

some scientists believe they were native to that lake.'i:-~ The opening of the Weiland Canal between Lake Ontario 

and Lake Erie in 18~9 allowed alewives to invade the rest of the Great Lakes, and they spread to Lake Superior 

by 195-1.''' Following the collapse of lake trout that preyed upon alewiv·es, their abundance increased dramati­

cally in lakes ~Iichigan and Huron~ these large populations of alewives and rainhm.·v stndt, another introduced 

species, rauscd declines in native prey ft~hcs such as lake herring and deepwater cisrocs.~>11 ~Iassive alewitC die­

offs in the 1960s resulted in carcasses washing ashore in huge numbers, impacting recreational activities.1
'
1 In 

response to the alewife explosion, large-scale stocking of salmon ids such as Coho and Chinook salmon was 

initiated in the 196()s to control nuisance levels of alewives and to establish a sport fishery.1
'_: These eft()rtS were 

largely successful, leveling off alewiti.:- populations and launching a successful recreational fishery centered on 

introduced salmon.1
'' In general, Great Lakes offshore fish communities have shifted from being dominated 

by deep-dwelling pisrivores (e.g .• lake trout) and native forage fishes (e.g., lake herring) to communities often 

dominated by introduced species that inhabit shallower \Vaters.~>'* 

Although many nearshore areas of rhc Great Lakes still support strong recreational fisheries,~>" fish com­

munities in the nearshore have also been impacted by invasive species. Ale\vitC interference \Vith reproduc­

tion was blamed for declines in populations of walleye and yellow perch between the 1950s and I'JiOs.'''' The 

invasive round gohy, first discovered in the (;rcat Lake.;; in IIJ!J0/'7 is an ~1ggrc~sivc bottom-dwelling fish that 

can tolerate a \vide range of environmental conditions, eat a variety of fi:>ods including invasive mussels, ancJ 

spawn prolifically.''" Round guhies h:IVe the potential to negatively impact nat1ve !ish spt'<.·ies by competing t(x 
t(JOd and habitat and interfering with reproduction; for example, gobies were blamed t(Jr the local extirpa­

tion of the mottled sculpin in Calumet Harbor, Lake Michigan.'''' The Eurasian ruffe, an invasive perch-like 

FEAST AND FAMINE IN THE GREAT LAKES l 9 
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Invasive dreissenid mussels impact the Grc~H Lakes ecosystem via several mechanisms. \Vith th~ir large 

populations and ability to filter water at volumes and r:Hcs much greJ.ter than native grazers/~ dreissenids 

cw significantly decre;:tse phytopbnkwn abundance and thus primary productivity.7
'
1 This filtration can lead 

to drastit· increases in water clarity,~" a rhange that-while often wdcomeJ hy humans who usc the Gr~at 

Lakes-can have serious implications for the ccmysrem (discussed in more detail below). In addition to influ­

encing algal primary production, dreissenid mu~sd filtering and waste-producing processes have significamly 

altered nutrient cyding and dynamics in large areas oft he (;reat IJakcs.~ 1 Although dreissenidscan increase the 

availability of nitrogen in the environment.~.: their impacts on phosphorm. dynamics are of more interest because 

phosphorus ls usually the limiting bctor tOr algal growth in the Great Lakes.~ 1 Depending on environmental 

conditions such as existing nutrient levels in the water column, dreissenids can sometimes retain phosphorus 

and nitrogen in their tissues at relatively constant concentrations'!.~ and can therefOre reduce open-\vatcr phos~ 

phorus concentrations.~~ Given their huge populations, l<1rge quantities of phosphorus arc locked in Jreissenid 

tissues, with some pcnnancntly sequestered in the shells of dead mussels.~1' Recent research suggests that up to 

t'vvo-thirds of the entire phosphoru~ inventory in Lake Michigan is tied ttp in quagga mttssels.s: Environment 

Canada and the U.S. Environmental Protection Agency (EPA) report that current offshore phosphorus con­

centrations in lakes Michigan, Huron, and Ontario may be too low to support healthy levels of biological pro~ 
ductivity.,~~ As discussed more fully below, however, in shallmvcr nearshore areas dreissenids tend to regenerate 

soluble t()rms of the nutrient through excretion and waste egestion, making us;1blc f()rms more available in 
the water column.~'1 Direct !lhration, incn:a\cd 

water clarity, and rh:mges to nutrient dynamics FIGURE 3 

aH contribute to fOod web impacts ofdn:issenid {a) f.ypotheH:>dnearshore 

grazing.'1'
1 

The dual tendencies of dreissenids in pro­

cessing phosphorus have caused startlingly dif­

ferent impacts in nearshore and open watt:rs of 

the Great Lakes. On a large scale, zebra and 

quagga mussels have re-engineered nutrient 

cycling in large areas of the Great Lakes to the 

extent that phosphorus is trapped in nearshore 

and benthic zones, Jepriving ofEhore areas 

(see Figure 3).'11 This hypothesized mechanism, 

known as the "ne:trshore phosphorus shunt," 

may encourage the growth of blooms ofhannfu! 
alg:1e such as Cladophora~·): and could be larg-ely 

to blame t()r the tCast/f:unine imbalance cur­

rently seen in the Great Lakes. Recent research 
supporting the existence of the phosph1,rus shunt 
implicates Jreissenid mussels in derrea~ing: the 

<Hnount of phosphorus exported from Sagin~1w 

Bay ro the open \\·atcrs of Lake Huron by 60%.'H 

Bottom-dwelling algae species and other benthic 

plants t:wored by this phosphorus <ihunt may 
furrhcr bcndlt frnm incrc,\~cd water cbrity due 

to drcisscnid il!tcring.''~ In addition, drei.~senid 

mussels appear to selectively reject certain toxin-

) 

(b) 

8 
Mochthonous ~ ~ loadmg 

~~/ Nearshore <:.,.__! ~)· 
'---v'" water _.,. \ pelagiC -' 

A g 
( Naa::Jh"'e - { O!f<Mre ) 

benthos \ profunda! 

"'-- "-----~-/ 

producing species of the blue~grccn algae Micn)(ym)·, enabling these b!oorn-f(xming species to dominate algae 

assemblages.'"' Ratios of nutrients excreted by drcissenids also ran cause community shifts to\vards blue-green 

algae,''(' further encouraging hannful blooms. Another invasive sperics, the round gohy, might amplify the shunt 

of pho:~pborus to the neJrshore by serving: as an energy ;:md nmriems link between drei<;senid mus~d.~ and nt':lf­

:.hore fi~h, given the propemity of round gobit·~ to f(·ed on the inv:J!>ivt: mus~d~. While thi!> phenomenon potentially 

Lendlt:, ncMshore -.;pecie~ '>Uch a" ~mallmouth bas~, it occurs at the expense of off.,hore flshe".''~ 

FEAST AND rAMJN£ IN TH£ GR£AT LAK£S 111 

~earshore cr·a otf>~ore 
watersa)IJefore:Jre~ssen:d 

-·usseltnvaSIOfli!ndb)af:er 
~-els5endmusselrrwaswn 

Sradedarrowsm~resent 

!he rro~t altered f:uxes. 
c·:ow WIC~h 1nd1cates 
~ei,ll :ve s:ze off ux r-.ote 

'aJocrthonou~" refers 
·~~ lod:htromextemal 
sourcesto:he'ake.anc 

orr:s:rrer~sorsRepro.:Lcea 

m!hperrnrss1o~ fror.1Hedy, 
RE.etai2004.The 
-earshorechOsphorus 
.>lluntAccnseQuenceo· 

uu;en~ 1an Great lakes 
Canadlar,Journaiot 



247 

VerDate Aug 31 2005 09:17 Jun 02, 2017 Jkt 000000 PO 00000 Frm 00253 Fmt 6633 Sfmt 6633 S:\_EPW\DOCS\24963.TXT VERNE 24
96

3.
12

7

BOX 3: OTHER PRESSURES ON GREAT LAKES FOOD WEBS 

In addition to impacts on nutrient dynamics and food webs discussed in this section, dreissenid mussels impact 
the Great Lakes ecosystem in numerous other ways. They can serve as "physical ecosystem engineers," altering 
the structure of the lakebed and impacttnq habitats for other species.''' Dreissenids can attach to the shells of 
native mussels, which has caused extirpation of the latter in many areas of the Great Lakes.::? Dreissenids are 
also implicated in a phenomenon known as "invasional meltdown," whereby they facilitate the invasion of other 
species: for example, dreissenids created better conditions for the round goby to establish and proliferate."" 
Zebra and quagga mussels have become integrated into food webs in some areas of the Great Lakes, altering 
pathways for the transfer of energy, nutrients, and contaminants to higher trophic levels. In some cases, native 
species such as sma!lmouth bass and whitefish can benefit indirectly from this integration of invasive dreisse·· 
nids into food webs;119 overall, however, the fnvasion of dreissenids has resulted in declines in the condition of 
Great lakes fishes.~.w Invasive mussels and round gobies are also implicated in outbreaks of botulism that kill 
wildlife, discussed in more detail in Section 4. 

While invasive dreissenids alter nutrient cycling and reduce primary production, Great Lakes food webs are also 
changing in response to other drivers. Large invasive, predatory zooplankton such as the fishhook waterflea 
(Cercopagis pengoi) and the spiny waterf!ea (Bythotrephes tongimanus) are placing additional pressure on food 
webs. Cercopagis has impacted the Lake Ontario food web through predation pressure and by shifting zooplank­
ton spatial distribution.'" In lakes Michigan, Huron, and Erie, the invasion of Bythotrephes has caused drastic 
declines in the abundance of some zooplankton species and a decrease in overall species diversity. 22 In Lake 
Huron, consumption of zooplankton by Bythotrephes can exceed that due to fish and the opossum shrimp (Mysis 
diluviana) combined; the latter is an important food source for a number of fish species.'" Both Bythatrephes 
and Cercopagis are implicated in recent declines in populations of Mysis in Lake Ontario:24 Whereas historical 
Great Lakes zooplankton communities were dominated by herbivorous species that fed mostly on phytoplank· 
ton, invasive predatory cladocerans, which are not a good food resource for fish, compete with fish and native 
invertebrates for zooplankton resources and are clearly capable of altering food webs. 

Invasive species also have the potential to place pressure on Great Lakes food webs via wetlands. Coastal 
wetlands are being invaded by plants SliCh as the common reed (Phragmites austraiis),'25 reed canary grass 
(Pha/aris arundinacea),'27 purple loosestr1fe (Lythrum saffcaria), 28 and curly pond weed (Potamoqeton crispus)7

' 

that crowd out native plants and decrease the quality and availability of habitat for wildlife. Great Lakes coastal 
wetlands are important to the health of food webs, serving as crucial habitat for many fish species during 
early stages of their life cycleS.130 Some of these invasive plant species can even alter the function of the wet· 
lands themselves; for example, Phragmites can "dry up" areas it invades.13

' Curly pond weed can increase phos· 
phorus concentrations in surrounding waters. encouraqing nearshore algal b!ooms.'32 Currently, according to 
Environment Canada and the U.S. EPA, coastal wetland plant communities are in only "fair" condition in lakes 
Michigan, Huron, and Erie, with Lake E.rle's status deteriorating. Lake Ontario's coastal wetland communities are 
deemed to be in "poor" status.' 33 If coastal wetlands continue to be lost and degraded due to invasive species 
and other human-induced stressors, Great Lakes food webs will be further impacted. 

The ability of dreissenids to consume large quantities of phytoplankton, and to after nutrient cyding, has 
had major impacts on both nearshore and offshore fOod webs. Dreissenid mussels are implicJted in the collapse 

of the benthic ~1mphipod Diporcia across the lakes, although exact causal mechanisms are unclear.'1~ Populations 

of Diporeia, once a vital part of the diets of manv Great Lakes offshore fishes and more than 70% of benthic 
biomass in deep parts (lfthe Great Lakes.'~'~ have all hut disappeared in shallow areas of lakes ~Iichigan, Huron, 

and Ontario and arc extremely depressed in deeper offshore zoncs.1
u

11 Diporeia now appears to be completely 

absent from Lake EricY11 It is hypothesizt'd that dret<;senid filtering may cause f(H)d limitation in Diporeia, 
which relies on phytoplankton blooms settling to the lake bottom. tn~ Another theory is that mussel waste prod­

ucts are toxic to Diporeia.w' Declines in populations of other benthic invertebrates, while likely partially due to 

decreased nutrient loads, are also linked to the invasion of drcisscnid mussels_l'H Changes in the benthic comtnu­

nity. in particular the disappearance ofDiporeia~ have already begun to impact tlsh populations. Declines in the 
condition of fi<>he<> such as alewi\'C'>, 111 ~ deepwater sculpin,H''' .md the commercially important bke whitefish 1n~ 

ha\·e been observed. 

12 I FEAST AND FAMINE. m THf. GREAr LAKES 
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While the symptoms of nutrknt polltuion and drcissenid ecosystem engineering are manifCstcJ by the 

increased prevalence ofharn1ful algal blooms in the nearshore {see Section 4), the picture is much different in 

offshore regions of the Great Lakes. {)uagga mu~sel filtering caused dramatic reductions in spring primary 

production in the offshore regions ofbkes .\lichigan and Huron beginning in the early to mid-2000s when this 

species became abundant in this region (see Plot 4, pg. 19).111
" Although gradual, long-term ollgotrophication 

resulting from nutrient controls was anticipated,1
P'l this rapid oligotrophication in response to drcissenids has 

taken the scientific community by surprise. The spring diatom bloom has all but disappeared and the pelagic 

zones of lakes !vlichigan and Huron now resemble ultra-oligotrophic Lake Superior. no The zooplankton com­

munity. which once relied on the spring diatom bloom as an important fOod source, has responded with drastic 

declines in abundance and shifts in community structure.111 As the foundations of the Great Lakes food web 

J.ft' eroded, fish communities are unable to ~ustain themselves. In Lake Huron, populations of deepwater prey 

ti.shcs, including bloaters, ~culpin, and smdt, have drarnaticaliy declined (see Plot 5, pg. 11)),11 ~ contributing to 

the roHapse of populations of Chinook s<limon, an important sport tish.111 

Although the impacts of dreissenid mussels on nutrient dynamics, primary production, and fOod webs arc 

not yet fully understood, it is clear that these invasive organisms have caused a significant. and perhaps perma­

nent, ecosystem shift in the Great Lakes. As described previously, dreisscnids have shifted energy. nutrients. and 

production to benthic and nearshore areas of the Great Lakes.H4 Research also indicates that invasive mussels 

have "decoupled" the relationship between total phosphorus loads and chlorophyll (a proxy f(,r primary produc­

tion)."' Thus, chan!(CS in phosphorus loading in Great Lakes waters may no longer result in a predictable, cor­

responding response from algae populations throughout the lakes. This alteration of the phosphorus-chlorophyll 

relationship, driven by invasive dreissenid mussels, further explains how Great Lakes offshore food webs can he 

collapsing in response to reduced primary production and nutrient depravation even while nearshore areas shO\v 

symptoms of eutrophication. 

These breakdowns arc made worse by the incredibly t:1st rate at "vhich dreissenids are driving ecosystem 

change. In the past, changes such as cuitural eutrophication from nutrient pollution took decades to manitCst; 

now, ·we are seeing dramatic alterations of the Great Lakes f()od web occurring in the space of several years. If 

these rapid ecosystem changes caused by drcisscnids \-Vcre not enough, other invasive species (including preda­

tory zooplankton) have also heen aftCcting t()od webs in the Great Lakes (see Box,)). In addition to these eco­

system changes, invasive species are having both direct and indirect dfects on the region's economy (see Box -f). 

BOX 4: ECONOMIC IMPACTS OF DREISSENID-DRIVEN FOOD WEB CHANGES 

In addition to their serious ecological impacts, zebra and quagga mussels have had major economic conse­

quences in the Great Lakes. The invasive mussels clog water intake pipes in huge numbers, impacting power 

plants. municipal water suppliers, and other users.U4 Between 1993 and 1999, zebra mussels are estimated to 

have cost the power industry in the U.S. $3.1 billion, and signiflcant impacts to other sectors have also been 

seen. '35 Zebra mussels have also impacted recreation and tourism around the Great Lakes basin, fouling boats 

and docks and washing up on beaches in huge numbers.~36 A recent study estimated losses to the region associ­

ated with ship-borne invasive species broadly to be at !east $200 million annually. 137 

The indirect economlc effects of dreissenid mussel invasion may be even more severe than the direct impacts 

to infrastructure and beaches. Food web changes (likely caused in large part by dreissenid filtering) contributed 

to the collapse of the Lake Huron Chinook salmon fishery in the mid-2000s. Coastal communities and busi­

nesses such as charter boat companies and tackle shops around the Lake Huron basin were hit hard by the loss 

of this important fishery. The Michigan Department of Natural Resources estimates that 10 ports in Michigan 

alone have lost more than $19 million annually since 2004 as a direct result of the Chinook salmon collapse.'" 

Fishery scientists are beginning to see warning signs that a similar Chinook salmon collapse could occur in Lake 

Michigan, and managers are seeking ways to manage effects of a declining forage base. The economic rami fica· 

lions of a salmon collapse on Lake Michigan would be severe: in 2009 alone, the fishery brought over $32 million 

to coastal communities around the iake.'39 

F'EAST AND F'AMINE IN THE GREAT LAKES 113 
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FIGURE 4 

SECTION 4 

EUTROPHICATION RELAPSE 
Current Nutrient and Water Quality Trends 
and Issues 

D 
cspitc the sucet.'SS of phosphorus control programs under the GLVVQA and federal legislation, 

changes such as the im·asion of dreissenid mussels and their rc~engineering of nutrient dynamics 

have resulted in recent declines in nearshore water quality in the Great Lakes. Indicators suggest 

that some areas of the Great Lakes might be ,Jipping back towards the cutrnphication problt!ns of 

the 1960s <lnd Jf)iOs due to both point and non point sources of phosphorus pollution. 

As previously discussed. GL\VQA target phosphorus loads had been met across the lakes hy the mid­

!QROs. Between 19% and .?002, the Lake Erie target load was met in most years, except in l99i and 1998 when 

tributary loads incrcast:d due to heavy pn:cipitation.1411 ln recent years, however, phosphorus loads to some areas 

appear to be increasing af!er a long period of overall dedine.H1 Although target phosphorus loads continue to 

be met consistently for the open \Yaters of lake~ Superior, ;\fichigan, and Hurnn, recent loads exceed targe!s in 

Phosphorus Loads to lake Erie, 1981·2008 

scvcesiJOJ":ar.j 
~o"DtW!t), 1931·2008 

Oa>heJi:nerer::resent;,the 

ya \ 

'::: ·----~~------ --- -- --\p-----------i10000 __ , 

$(nne historicllly t:utrophic areas of those 

lakes such as Green Bay and Saginaw 

Bay.112 ln lakes Erie and Ontario, inter­

annual \·ariability in loading i:; high and 

t;1rget:> are not being met every year (see 

Figure ~). 1 H As discussed bdmv, exn.'t.xl­

ing these targets nen occasionally is hav­

ing dire consequences f()r portions of the 

Creat Lakes. ! 
Sol 8000 
'i . 

~.ooo · 

1?7S 

The original GLVVQA of 1972 
focused on point source phosphorus 

loads, and much of its succc,~s can be 

<lttributcd to subsequent fCderal regula­

tion of disch:1rg:ers such as wastewater 

treatment plants. Subsequent revi.~ions 

to the Agn:etnent incrca<;ed emphasis on 

nonpoint SO'IHCC pollution, Recently, however, the scientific community ha~ rai~ed concerns th~1t point .source 

pollution IS still a scrious prob!t>m in the Great Lakes. Recent rc:~c:1rch confirms other work indic:lting that 

point source phosphorus loads, particularly from municipal wasrcvvatcr treatment plants via the Detroit River, 

are an important contributor to overall loading to we~tcrn Lake Eric.1
H Continuing dcvated loadings arc likdy 

due in part to the bet that cash-str;lpped municipa!itie<; ;Kross the region arc struggling to maintain crumbling 

\V:J<;tew,lter infra\tructure, with federal funding in,Jdcqu;Jte to fulfill;;!! need~. Outdated ~nver ~ystems that 

combine storrnwater and s;mitary wasrt:water arc often overwhelmed by large r.tin events, re~uhing in com­

bined sewer overflow<; (CSOs) th:lt dump tens of billions of gallons of untreated se\V<Jgt' l!lto the lakes each 

yearY~ Besides contributing phosphorus pollurion to the Great Lakes, CSO events pme 'icrious human health 

risks and can kad to bt:ach closures. 

Despite the importance of point source:., nonpoint :.ources such a:-. runoff from agricultural fields arc the 

primary contributor ro (;reat Lakes total phosphorus loads. \Vhile acknowledging that other sources con-

14 I fEAST AND fAMINE IN THE GREAT LAKES 
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BOX 5: IMPORTANCE OF 
NITROGEN AND OTHER NUTRIENTS 

TO ALGAL GROWTH 

Phosphorus typically limits primary production in 
freshwater lakes,177 but the importance of nitrogen 
should not be ignored, as it too can encourage algal 
growth under certain conditions. Recent research 
shows that phytoplankton in Lake Erie can be season~ 
ally co-limited by nitrogen/78 which can encourage 
blooms of nitrogen-fixing toxic blue-green algae such 
as Anabaena.119 Nitrogen can be an important contrib~ 
utor to phytoplankton biomass in Lake Erie, particu~ 
larly when phosphorus concentrations are high.180 

The potential contribution of nitrogen to recent algal 
blooms is not necessarily due to changes in loading. but 
is primarily attributed. to the alteration of in·lake nutri-
ent dynamics by dreissenid mussels.'8 ' Experiments 
have shown that dreissenid mussels cause shifts in 
nitrogen-to-phosphorus ratios, favoring algae that are 
well-suited to N-limited conditions,182 Once aqain, as 
with phosphorus and its relationship to algal growth, 
dreissenid mussels serve to decouple landscape nutri· 
ent inputs and primary production in the lakes. In addi~ 
t!on to nitrogen, other nutrients such as iron and silica 
can contribute significantly to the growth of algae in 
the Great Lakes.'83 

tribute to nutrient pollution, scientists recog­

nize that a majority of phosphorus loading to 

areas like Saginaw Bay and western Lake Erie 
come fron1 agricultural nonpoint runoft:H~> 

and some experts recomn1end focusing efforts 

~md resources on reducing loads from these 

sources to maximize water quality improve­

ment.147 The lack of systematic declines ln tot;.ll 

phosphorus loading in some areas of the Great 

Lakes-and potential recent increases-dis­

cussed above are largely due to inadequate 

agricultural practices to control phosphorus 

pollution in runoff 

In addition to total phosphorus loads 

exceeding targets in some areas, another trou­

bling statistic suggests that the fraction of phos­

phorus entering the Great Lakes as dissolved or 

soluble reactive phosphorus (that is, biologically 

available phosphorus more easily taken up by 

algae) is increasing. In recent years, concentra­

tions of soluble reactive phosphorus (SRP, also 

called dissolved reactive phosphorus) in near­

shore Lake Ontario and the \vestern basin of 
Lake Erie have increased."" Increases in SRP 

concentrations may he due in part to dreissenid 

mussels, which can uptake phosphorus in bio-

logically unavailable fimns and release it to the 

water column as SRP.H'I Increases in loading of 

SRP from streams and rivers may also be responsible t()r increased concentrations in the lakes. Current loads of 

SRP in the Maumee and Sandusky Rivers, two tributaries to western Lake Erie, are the highest they have been in 

3'5 years (see Plot 1, pg. 18).1"' Exact causes of increased SRP loads in tributaries are uncertain, but experts believe 

they primarily result from t3rming practices in agriculture-heaYy watersheds and from climate-related f.tctors.1
"

1 

In response to increased phosphorus loads and increases in the traction of SRP, current phosphorus 

concentrations in some areas oft he Great Lakes are not consistently meeting GL\VQA targets (see, tOr example, 

Figure 2). Total phosphorus concentrations in Lake Erie, especially in the spring, began increasing as early as 

199'5.'" Environment Canada and the U.S. EPA report that recently, concentrations in that lake are highly vari­
able and frequently exceed targets, particularly in the western basin.'" With respect to phosphorus concentra­

tions, the two agencies rate the current condition of Lake Eric as "poor"' with a trend of increasing phosphorus 

l-evels. I'H Environment Canada and the U.S. EPA also report that phosphorus concentrations in nearshore areas 

of lakes Nlichigan, Huron~ and ()ntario arc high enough to support nuisance algae growth, even though phos­

phorus levels in offshore areas are at or well below targets.1
"-; 

Impacts of excessive nutrients 
Elevated concentrations of phosphorus in nearshore areas of lakes Michigan, Huron, Erie, and Ontario are 

high enough to encourage harmful blooms of algae such as Cladophora and Microcystis;'"' indeed, symptoms of 

eutrophication including harmful alga! blooms and hypoxic zones have returned to parts of all the Great Lakes 

except Superior.117 Water quality parameters and phytoplankton and zooplankton communities indicated a 

return to eutrophic conditions in Lake Erie1 particularly in the western basin~ beginning in the mid-l990sY'ix 

Blooms of blue-green algae re-appeared in L1ke Erie in the mid-l'l<JOs and have since become an annual occur­

rence, with extensive blooms ofMicrocystis observed in 2007,2008, and 2009."'' As of late August, the summer 

fEAST AND F'AMINE IN THE GREAT LAK£5 j15 
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BOX 6: ECONOMIC IMPACTS OF GREAT LAKES EUTROPHICATION 

The return of harmful a!ga! blooms and hypoxia to the Great Lakes poses economic risks. The presence of 
smelly, unsightly, and potentially toxic algal blooms keeps people away from beaches and other recreational 
activities, resulting in lost tourism dollars. Across the U.S., blooms of harmful a!ga cause more than $80 milliOn 
in economic damage annually:84 Cladophora mats that wash ashore house£. coli bacteria whose concentrations 
are used as indicators of fecal contamination, meaning algal blooms potentially contribute to poor water quality 
and can trigger beach c!osures. Recent research suggests, however, that measuring £. coli at beaches p!aqued 
by Cladophora does not provide an accurate assessment of risks to human health.'" Thus, it is possible that the 
presence of Cladophora has led to unnecessary beach closures -and beach closures are very costly in the Great 
Lakes, where coastal recreation provides the foundation for a vital tourism industry. For example, closinq a Lake 
Michigan beach for a single day is estimated to result in economic losses of up to $37,000.·" At the same time, 
current information does indicate continuing concerns about beach health: In 2006·07, only 47% of the Lake 
Erie beaches on the U.S. side were open for more than 95% of the beach season, and the EPA and Environment 
Canada report that beach water quality conditions on the lake are deteriorating.'" 

The potential impacts of eutrophication on Great Lakes fish communities are equally troubling. Recurring 
hypoxic zones in Lake Erie threaten the habitats and food resources that support economically important sport 
fish such as walleye and yellow perch.'" Lake Erie, the most biologically productive of the Great Lakes, forms the 
basis of a regional recreational fishery whose estimated worth exceeds $7 billion annually in the U.S.'" Clearly, 
symptoms of nutrient pollution such as harmful algal blooms and hypoxia in the Great Lakes have serious eco· 
nomic implications, and these problems will only worsen as eutrophication accelerates. 

2011 Microcy.>ti.> bloom in western Lake Erie was 25 times denser than the prerious record bloom of 2009 (see 

pg. IR).1
(,(1 While not all types of'AficrocJsti,, produce toxins, research shows that toxin-producing strains of these 

blue-green algae are present in lakes Erie and Ontario and are capable of producing toxin concentr<.Jtions high 

enough to be harmful to human health.1
"

1 Leve-ls of i\4icrocysth toxins in early stages of the summer 2011 west­

ern Lake Eric bloom reached more than 1000 tirnes \VorlJ Health Organization guidelines f{)r drinking water 

satCty. J(,.2 Recent research indicates that toxic blue-green ~1lgal blooms in tributaries to western Lake Erie are 

starting earlier in the year and Etrther upstream than was previously the case. 11
'
1 VVashed-up mats of Cladophora 

are once again a common sight along shorelines oflakes Erie and Ontario. and in some areas of lakes Ylichtgan 

and Huron, 1 ~>"' In addition to the resurgence of harmful hlooms of Cladophora and :\ficrocysti's, new bloom­

t{xming algae ~lrc beginning to appear in the Great Lakes. Lyngbya wo!lei, a potentially toxic. mat-fOrming 

blue-green alga from the ~outheastcrn U.S., was discovered washing onshore in western Lake Erie beginning 
in 2006. Lyngbya has dif1erent light and habitat requirements than similar mat-torming algae like Cladophora, 

so it may be able to colonize areas the latter has not. 1
{.

5 

Coincident with the return oflarge algal blooms, the size and duration of hypoxic areas in the bottom waters 

of Lake Erie are incrcasing.11
'1> In 200), a hypoxic zone with an area of about 10.000 square kilometers developed 

in central Lake Erie-one of the largest "dead zones" ever recorded in the lakt\ 1 "~ In addition to negatively 

impacting fish and other organisms, hypoxia can rc-release phosphorus formerly bound up in sediments. Thus. 

Lake Erie's hypoxic zones may alter phosphorus cycling to further encourage algal blooms1''::--creating: a harm­

ful kedback loop. 

Great Lakes f(,od webs are already being impacted by the reappearance of eutrophic conditions. Hatches 

of Lake Erie \\'allcyc and pen-h \Verc below average in) out of 6 years from 2004 to 2009Y·') Hypoxia in Lake 

Ene\ central b<tsin has rt.'(iun.·<l habitat quality for many .species offish an{ I has the potential to impact tish com­

munity structure and population dynamics. 1711 Cyanobacteria! toxins such as those produced by Aliovcy.•ti.• can 

be harmful to invertebrates ~mJ fishes anJ can accumulate up fi>od webs~ significantly impacting their structure 

and function.171 Ivlats of Cladophora harbor bacteria responsible fiJr recent outbreaks of avian botulism that h:lYe 

killed thousands of birds along the Great Lakes.'" 

The resurgence of eutrophication in nearshore areas of the Great Lakes also has serious implications f(>r 

human health. As previously discussed, chemicals produced hy some blue-green :1lgae can he toxic to humans. 

16 I FEAST AND FAMINE IN THE: GREAT lAKES 
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SECTION 5 

EXISTING NUTRIENT REDUCTION 
PROGRAMS AND POLICIES 

T he Great L1kcs nrc among the most intensely managed bodies of water in the world. There arc 

hundreds of laws. programs, action plans and task tixces from the local to the in. tcrnationallevd to 

protect Great Lakes resources. To provide an overview of effixts to reduce nutrient pollution and 

address ecosystem changes in the (;rear Lakes. this scctton highlights scver~tl significant laws and 

programs pertaining to phosphorus reductions. 

Binational, federal, and state nutrient reduction strategies 
The first international eftc>rt to protect the Grc1t Lakes was the 1909 Boundary \Vaters Treaty. The treaty 

obliged the U.S. and Canada to protect international waters from pollution, but provided no monitoring or 

enfOrcement mechanism to ensure that the Parties •.1bided by their commitments. The Treaty formed the 

International Joint Commission (IJC), a binational advisory hoard. to counsel both nations on the administra­

tion of their shared bodies of water. In rcspon<;e to widespread eutrophication and phosphorus loading ln the 

Great L~1kes during the if)()Os that lead to tl.sh die-oft~. toxic algal bloom::. and the biological ''death" of Lake 

Eric (sec Section .2). the IJ(: rccurnmendcd ln 11)70 that both nations enter into a phosphorus control agreement. 

The early IYiOs saw both extensive environrnental activism and the fruition of numerous environmental 

ad\'ances in North Amerio. The Great Lakes Water Quality Agreement (GLWQA) was signed in 1972 by the 

U.S. and Canada, ushering in an array of state and tCdcral programs to address \V;.lter quality issues in the Great 

Lakes Basin. Concomitant with this binational dcYelopment. and to provide the legislative muscle to implement 

water quality controls across the U.S., Congress passed the Clean Water Act earlier that year. Both governments 

had recognized the need for tCderal agencies to monitor and enforce environmental laws, leading to the creation 

of the U.S. Environmental Protection Agency (EPA) in 1970 and Environment Canada in 1971. 
The GL\VQA was. a watershed agreement in the area of nutrient reduction. particularly from point 

sources. Following impletnentarion of pro.t!Tams in both countries, annual phosphorus loadings decreased due 

to several pollution reduction measures, some tnandated by law ~tnd some implemented voluntarily. Important 

measures for reducing point sources of pollution included the promotion of phosphorus-free detergents. limits 

on phosphorus concentrations in wastewater effluent, ~md irnproYemcnt<> made to sewage treatment plants and 

sewer systems. These controls on point sources were vital, but a 1978 report to the IJC from the International 

Reference Group on Great Lakes Pollution from Land Use Activities (PLUARG) recognized the importance 

ofnonpoint nutrient loadings and proposed solutions. Revisions to the c;IJN<JA in 1078 included recommended 

measures to reduce nonpoint pnllution. which indudcd ch~1nges in agricultural practices such ~ls conservation 

tillage, animal husbandry control measures, and other pr~Ktices. 

Under thC' Clc.1n W.trcr Act, st.1tcs mu"t -.cr ~nnbicnr water quality standards to define acceptable pol­

lutant levels in water bod·ies, as well as conduct monitoring and assessment to gauge whether standards arc 

being met. States must identify waters not meeting \Vater quality standards as "impaired" and arc required 

to de\'elop total maximum daily loads (TMDLs) t(>r the pollutant(s) of concern (including nutrients such 

as phosphorus and nitrogen)Y'0 However, a number of states have lagged in JcveloiJing and implementing 

T:\fDLs, including for nutrients. Perhaps the single most effective requirement of the Clean 'vVater Act in 

the reduction of phosphorus is the National Pollutant Discharge Elimination System (NPDES) program, 

requiring permits f(lr the release of wastewater from point sources. Permit limits t(lr nutrients have been 

20 I FEAST ANO FAMINE IN THE GREAT LAKES 



256 

VerDate Aug 31 2005 09:17 Jun 02, 2017 Jkt 000000 PO 00000 Frm 00262 Fmt 6633 Sfmt 6633 S:\_EPW\DOCS\24963.TXT VERNE 24
96

3.
13

6

increasingly included in discharg:t· permits 
over the past two decades. 

Another important Clean Water Act pro-
vision that addresses nutrients is the Section 
319 provision addressing nonpoint source 

(NPS) pollution. added to the CWA in 1987. 
Section 319(h) established a grant program 

whereby EPA is authorized to ~nvard states 

funds to implement programs to reduce non­
point source pollution (including nutrient 

pollution). if they have approved Nonpoint 
Source Assessment Reports <.Jnd Nonpoint 

Source Nfanagement Programs. The program 

has included both base funds (for base NPS 
program operations) and incremental funds 

(designated fix watershed-based plans and 
T:V!DLs); from 1999-2005, over $150 million 
annually was awarded to states through the 
program.1')! 

The U.S. Farm Bill includes a number 
of conservation incentive programs f(Jr farm­

ers, including programs to reduce phosphorus-

BOX 7: FEATURED STATE PROGRAM 

In 2007, the Ohio Environmental Protection Agency 
created the multi·stakeholder Ohio Lake Erie 
Phosphorus Task Force and charged it with studying 
the issue of increasing soluble reactive phosphorus 
(SRPJ loads to Lake Erie. Specific tasks included iden-
titylng potentia! sources, determining the importance 
of each source, and recommending policy and man­
agement solutions to decrease SRP loads to Lake Erie. 
In its 2010 final report."' the Task Force concluded 
that runoff from applications of nutrients to agricul­
tural fields was the primary cause of increased SRP 
loads to Lake Erie and recommended specific actions 
for farmers to take. The report also investigated the 
contribution of other pollution sources, such as lawn 
fertilizers and point sources, and provided sugges­
tions for reducing SRP loads from these sectors. 
Additionally, Task Force members made recommen­
dations on improvements to monitoring activities and 
identified research needs to further understanding of 
SRP loading. 

rich agricultural inputs, control runoff: protect \vetlands and groundwater. and preYent erosion that contributes 

to nutrient loading into public waters. Programs include the Environmental Quality Incentives Program, the 

\Vildlife Habitat Incentives Program, Agricultural :\1anagement Assistance, the Conservation Reserve Program, 
the Conservation Stewardship Program~ the Consenation Reserve Enhancement Program. the \Vetbnds Reserve 

Program and the Great Lakes Basin Prog-ram f()r Soil Erosion and Sediment Control. Participation in these vol­
untary programs helps agricultural operations reduce pollution (potentially including soluble reactive phospho­

rus) which otherwise contrihures to violations of w~Her quality standards while .1lso improving the efficiency of 

oper~ltions.1 'l~ 

Binational and federal efforts to control phosphorus \verc largely successful in reversing eutrophication in 

the Great Lakes in the 1970s and 1980s, as documented in Section 2. Despite these earlier successes, signs of 
cultural eutrophication ha\·e returned to the Great Lakes in recent years. As discussed in Section 4. ecosystern 

changes driven by invasive species and increases in the amount of dissolved phosphorus in agricultural runoff 

have led to a return in harmful algal blooms and dead zones. Clearly, efforts by the U.S. and Canada to reduce 
nutrient pollution are no longer sufficient. 

In recognition of the need for more aggressive efforts to address impairments in the Great Lakes, and f()l­
lowing on the production of the Great Lakes Regional Collaboration Strategy report in 2005. the Great Lakes 

Restoration Initiative (C;LRI) was proposed by President Obama in 2009. with $475 million appropriated the 

first year. and $300 million the second year. The five-year GLRI effort is dedicated to five major focus areas. 
including Nearshore Health and Nonpoint Source Pollution and Invasive Species.1

''' Concurrent with initial 
funding of the program. the EPA developed the ( ;uu Action Plan, which identities broad goals. measurable 

ecological targets and specific actions for each of the five tixus areas. Strategic actions reb red to nutrients will 
identify sources and reduce loadings of nutrients and soil erosion, and research and modelling will identify 

effective actions to prevent and reduce the number and severity of incidences of ecosystem disruptions such 

as harmful algal blooms and other issues associated with eutrophication. Sustainable watershed management 

practices will be developed and applied to reduce export of nutrients and soils to the nearshore waters. In addi­

tion. the Action Plan includes a goal of establishing and implementing T:V!Dl,s for phosphorus.'"' 

Finally~ there are a number of programs at the state, provincial, and municipal levels addressing nutrients, 

including programs distinct from other federal programs or mandatory requirements. One example is the Ohio 
Lake Erie Phosphorus Task Force (sec Box 7). 

FEAST AND FAMINE IN THE GREAT LAKES I 21 
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utri<..'nt loadings :1nd dynarnics the Lake~ Cl..'osyqcm ha\c been ,\ltcred by hwn;ms ~inrc 

th-e day'> Furopr,w :-.cttkmcm m the b.t~in. In the future, new 

tmpact the Lake<;, and problems such to in 

the ,th-.;crwc ofatldltHm,·d Jct1on. Sucnt1<>t~ h:t\'C Jl!enttflnl '\C\Cctl llf thc'ic future 'tn:s<>1lf'> th:n could 

tnt1uenn' (;re,tt T .. 1kc" nutri('!lt ,Jyru!lli,·s. 
Pcrh,lp'> tht' most serious threat to the future nf the Grc~n L1kcs is g!obat dlm~tlc dung;c. 

by rhc end nf tbc century, air tcmpcr.Jturc\ 

111 '>Ummc;. '"' In dirnatc 

tun'" ha\'c incrca:-.cd hy 2 and rxtrctnc hc:1t and he:n·y prccipit~lt!on c\'cnts art' incn'a-,ing 

to tOW)( .. \Vinkrs and the duration of bkc shorter, with spring hrcakup 

c<~rlicr hy .~ da;.-; per tkc,!de.li: These dl;tnge:. \\"11! onl: become !ll(ln" c.\trcmc :ls climate change progrc:>SC). 

\urbcc kmpcratUn."'i \\ill bkdy wrrc:l~t'; in ,:;ow, ~cn;ral oftlw (;rcat reached rhc warm· 

est surface w:ner t.cmpcr;mw .. 's on n.:cr)nL 1 
,, A.<> :\ugu;,t ,.::!)[ i. sumn1cr tcmpcr:nurc<> in most of the lake'> were 

well ahm·c recent (199:::~20!0) '"'Due tn incrt\t<>ed and \qtn tcmpcr;\turt·s and \hort'-'r periods \If 
cou.:r, bkc kn:ls cxpectul to dcdmc,''" though rnodds indicate amhiguou;, tn·nds in 1.-vatcr 

k\d-;. :, 1 (;rcll Lake\ w,tt.er kvet" natur,dlv rhKnutc, but lcYch mn rhc p.tst decade in lake~ \lichlf!,tn, Huron. 
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Tlw<;c dim.ttic t·lwngcs h~1w sniou~ imp!ic:1tlom t()r nutrient~ and cutropbic:>tion. \Vanning wJtcr tern· 

pn.tturt'> '-Vd! :dtcr the tllt'nnal :..tructurc o( the Llkc'>, \.Yhwh m turn inlhll'ncc~ nutrient cydmg and the dcvd­

opnwnt of hypn:-.ic zone'>.,., Change<; in thermal '>trucrure lc1ding to dn-rc~J:..cd could larger and 
more fr~·q1~t'nt hypoxia in part\ l)f the ( :r.c:tt f.akc-;, >• \\'anncr H·:ttcr tcmpcr:tturcs Clll furth:.:r -;tirnu!atc 

:dg,ll blooms, through. f(n incrc.t<,cd ,\cti\ ity of microorganism<> rdc;tsing phosphorus from orgnnic 

matter..,, \.ltlrt frequent <1nd pn.'cipit;lti'm event'> in rhc future will (,1U'>C incrca-;ed load~ ofphu'>ph~>ftl~ 
to ;,vash from the landscape into the bkc-,. Hi_s.h pho<>phorus load'> to Lake 19(17 ,tnd U98 \\'CIT hlamcd 

on incrt'a,cd trihut~uy lo;tds :womaion'> stnnTts.-'"1
' ,\{ore frequent and intense 
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SECTION 7 

RECOMMENDATIONS 

C 
urre-nt nutrient and invasive species management policies and programs ,an_. insufficient to protect the 

Great Lakes. Hypoxi<l persists in central Lake Erie and eutrophication and algal blooms continue to 
plague western Lake Eric and other nearshore areas oft he lakes while many otlShon~ waters (in particu­

lar in I ... ake Huron) have very low nutrient levels and declining tlsh pr()(iucrion. Immediate action n1ust 

be taken to prevent further deterioration of rhcse ecosystems on which fish, wildlife and humans depend. This com­

plex prohlem will require creative and integrated solutions in policy, research anJ monitoring, and public education. 

Policy and Management 
Existing policies and management programs f~tll short in recog-nizing that invasive species such as zebra and 

quagga mussels have changed the fundamental o;tructure of the lakes. Three overarching recommendations are 

the fi,llowing: 

1. While emphasizing a broad lake- or ecosystem-wide management approach to nutrient problems, man­
agement and policy need to be refined at smaller scales (e.g., sub-basin or watershed) as appropriate, to 

take into account different extents of problems in different areas. 

2. Recognizing that although implementation of policies specific to nutrients and invasive species (in particular 

invasive mussels) is critical, we need to explore policies that can address both stresses in an integrated way. 

3. Further reductions in nutrient loading are necessary, in particular in priority watersheds and from agricul­

tural sources, where targete<l programs should he pursued to address specific nutrient impairment problems. 

There are many agreements, policies and programs that do or can address nutrient problems in the Great 

Lakes, and it is essential that such cff()rts be updated as necessary to keep pace with changing ecosystems. Some 

potential changes in agreements, policies, and programs inducle the f{)llowing: 

The Great Lakes Water Quality Agreement (GL\V()A). the prim;:lry framework t()r coordinated phosphorus 

reduction eftlxts between the U.S. and Canada. must recognize that the Great Lakes are not a single ecosystem, 

nor can each bkc be treated as a sing-le unit. DiffCrent areas of the lakes will respond to nutrient inputs in diHCrcnt 

ways; thus, water quality standards and GL\VQ.-\ phosphorus loading targets should be developed f(>r individual 

regions of the lakes (including nearshore YS. offShore). Phosphorus loading targets t(x western Lake Eric may well 

be diHCrcnt from targets for the eastern basin. Gin~n that zdxa and quagga mussels <lfC redirecting: phosphorus 

away from the oHShore ~md negatively impacting offshore fiJod webs. innovative policy tools and solutions will 

need to be applieJ to regain balance in the lake~. 

The current renegoti<ttion of the GLWQA is an excellent opportunity to enCourage policies that build on the 

scientific advances (including undcrstJ.nding f(>Od wch changes ~tnd ecosystem modeling) that have occured 

since the last update to the Agreement. Updated phosphorus targets must be calculated using the best available 

scientific information on the state of the Great Lakes. Target levels of phosphorus and chlorophyll representing 
improved water quality and reduced algae production should be established t(x distinct lake regions, and scien­

tific modd.s should be used to calculate load reductions required m rllCi..'r in-bkc targets. i\dditionally, t.trgC't~ for 

community composition of phytoplankton (which are tied to water qu;llity parameters) should be established. 

It is important to continue monitoring antl regulating total phosphorus loads. because target loading level!,. are not 

heing met consistently across the Great Lakes ba~in. However. the significant contribution of soluble reactive phos­

phorus (SRP) in western Lake Erie in particular and the fact that SRP loads are increasing must be recognized. 

Agricultural practices targeted to reducing SRP should be cncourag:t'(l in ~tddition h' those that reJucc overall phos­

phorus loading. Sec report of the Ohio Lake Erie Phosphorus T.tsk Force f(}r more specific recommendations.~~~ 

1(, increase the dTectiveness of the GLWQA. changes should be made to its structure and implementation. 

The Agreement should include cnf(>rcement mechanism~ to ensure targets ~lfe met, with agreed-upon time 
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tables tOr meeting water quality objectives. In aJdition, given the new parJdigm of rapid ecosystem change 
hrought about by invasive species. the GLWQA review process might need to be adjusted so that \Vater quality 

targets are reevaluated on shorter time scales. 
The renegotiated GLWQA should include creation of a Great Lakes-wide Phosphorus Task Force, similar to 
the Ohio Lake Erie Phosphorus Task Force (see Box 7, Section '1), to investigate the issues of t..'Utrophicarion and 
changes in phosphorus loads and concentrations (and components of phosphorus, such as SRP) in the nearshore 
and oHshorc. The Task Force should provide the U.S. and Canadian governments and the International Joint 

Commission with detailed management and policy recommendations tOr meeting water quallty goals across the 

basin. Such an entity should be wdl integrated with other reb·ant bcKlies (such as Lakcwide Management Plans 
(La;\fPs)), and have representatives from aH relevant sectors, including tC-deral, state, municipal, and tribal agencies, 

the International Joint Commission. academia. agriculture and industry, and nongovernmental organizations. 

In addition to working binationally, we need to maximize the ability of existing laws, regulations and pro­

grams to control nutrient pollution at the municipal, state. and federal levels. Recommendations here are tOcused 

on the U.S. side, while it is recognized that strengthening of Canadian programs is also essential to fully address 
nutrient problems in the Great Lakes. Some key measures/changes needed on the U.S. side include the t(>llowing: 

Programs to reduce nonpoint runotl from agricultural land, including under the Farm Bill, must be 

strengthened. 
- Assist t:1rmers in pursuing financial assistance through F~1rm Bill Programs. induding the Environmental 

Quality Incentives Program. the Conservation Reserve Program~ the Conservation Stewardship Program, 

and other programs on targeted priority watersheds, as well as other tCdcral funding sources, to reduce 

nutrient and sediment runoff from agricultural lands. 
Nutrient management progrant.s shou1{lu~e a \Vatt:rsh~d-basecl approach to tailor cfl()rts to specific areas. 21

'
1 

Funding should be targeted to priority areas contributing large amounts of phosphorus loading as identi­

fied by research. 
- Provide more oversight of agricultural operations participating in Farm Bill programs, and recommend wider 

buffer zones between all row crops and surface waters. 
Re-invent the Great Lakes Basin Program ft)r Soil Erosion and Sediment Control--currently authorized 

in the Farm Hill-into a solution-based restoration implementation program. This program has had much 
success and should be re-(lesigned to improve water quality in targeted areas around the Great Lakes by con­

trolling sediment and reducing nutrient runoff that causes harmful algae bloon1s. 
For Lake Erie in particular, prioritize and implement key recommendationsoftheOhio Lake Erie Phosphorus 

Task Force. including to increase training/outreach on appropriate rates ~tnd timing of agronomic application 

of tertilizers; strengthen and expand use of phosphorus soil test programs; develop or strengthen nutrient 
management tools (including phosphorus runoff risk screening and as..;;.essment tools); and optimize and 

expand implementation of best management practices. including adoption by cost-share agencies of innova­
tive 'approaches (e.g. fund allocation based on screening tool). 

Although efforts should be centered on reducing nonpoint phosphorus loading, point source pollution should 
be further addressed through aggressive implementation of Clean Water Act programs. This will include 

increased activities through: 
- Establishment of protective nutrient water quality criteria by each of the Great Lakes states (including poten­

tially revising existing criteria). 
EftCctivedevdopmentanJ implementation of total maximum daily loads, with U.S. Environmental Protection 
Agency (EPA) playing a key role in coordinating individual Great Lake or basin total maximum daily loads 
f()r nutrients. 

- Tighter National Pollutant Discharge Elimination System permit limits, \vherc necessary. for wastewater 

tre<:~tment plants. 

Consideration of additional limits tiJr nutrients in municipal storm water permits. 

The Clean \.Yater Act should also be used as a vehicle to encourage the reduction of non point source pol­

lution through fully funded and implemented Section 319 programs, including emphasizing watersheds with 
significant nutrient problems. 

On the Canadian side, policy advances are needed at the local, provincial, and federal levels. Though the regula­

tory and voluntary frameworks JitTer from the U.S. side, similar typcsofartionsare needed, including the f(lllowing:~~n 
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Address loadings from point sources, including upgrading municipal wastewater treatment plants and reducing 
levels of phosphorus in detergents. 

Promote expansion or maintenance of natural co\'tr. to reduce flows and sediment, and nutrient export from 

\VatersheJs; 

Expand the scope and intensity ofbest rnanagetnent practices in agricultural lands, including through improved 

tillage practices, improved manure management. and adopting new technologies h>r erosion control. 

Ensure that all municipalities have a Pollution Prevention Control Plan, with components that may include the 

retrofltlde~ign of stonn\:vater fitciliries and adoption of sustainable planning to rt'duce How\, sediment and nutri­

ent loads to surhtce \Vaters. 

Also, improved coordination among programs at all levels of government is needed. Linkages between the 
GL\VQA and Farm Bill programs, tOr example, should be explored and encouraged. ~fanagcrs should pursue 
harmonization of ecosystem goals as appropriate (e.g .• GLWQA water quality targets, La"-lP objectives;"' fish 
community objectives as set by the Great Lakes Fishery Commission~·\ and state \Vater quality criteria}. Fishery 
management is a \·aluahle tool fix dealing with ecosystem changes. and while managers must adjust to ne\V ceo­
system regimes with changes in sttx:king and other practices,.:.:> innovative solutions ti) the fCast/faminc dichotomy 
mighr be found by working with fishaies resource groups. For instance. managers could alter stocking practices to 

encourage top-le\'Cl predators such as Atlantic sahnon that are better adapted to new ot1Shore fc_)od webs.~~-~ 
Finally, it is critical that adequate funding be provided l(>r all programs, including through the Great 

Lakes Restoration Initiative (GLRI) Focus Area 3: Nearshore Health and Nonpoint Source Pollution."' The 
current higher levels of federal funding l(>r the Great Lakes on the U.S. side must be invested wisely in efforts 
to restore aquatic habitats as well as in projecb that reduce runoff from targeted \Vatershed~. Similar increased 
funding eft()rts are needed on the Canadian side as well. 

Research and Monitoring 
R{'se~uch and monitoring programs must evaluate, adjust to, and study new ecosystem regimes to improve our 
understanding of nutrient dynamics in the Great Lakes. For instance, eutrophication models need to be improved 
to account tOr altered nutrient processes f(lllowing the dreissenid invasions. 22'' Current monitoring programs, such 
as the EPA's offshore surveillance progr;:un,~ 2:-leave a gap in monitoring nearshore areas of the lakes that pre­
vents better understanding of that important part of the ecosystem. Offshore monitoring effOrts are important 
and should be sustained; however. given the new teast/f.:unine dichotomy, standardized, regular, and targeted 
monitoring is needed in nearshore areas. Y1onitoring in the nearshore zone is particularly important because 
blooms ofharmful algae such as Aficrocy.>'tis and Cladophora occur there, and human uses are concentrated along 
shorelines. Continued and enhanced tributary monitoring is also needed to understand how phosphorus is mov­
ing from the land into the lakes. Additionally, tnonitoring efforts could be improved through coordination. For 
example. EPA's offshore surveillance program perfOrms more frequent, regular monitoring than Environment 
Canada, hut Canada's program has greater spatial coverage in each lake. Working together, these two programs 
could increase the frequency and extent of monitoring. The Binational Coordinated Science and .Monitoring 
Initiative~ 2·~ offers promise to help integrate and coordinate monitoring eff(xts, but needs adequate sustained 
funding and would benefit from ongoing input from stakeholders in each lake basin. Finally, monitoring of 
fish populations and other organisms must adjust to new ecosystem paradigms. Current fishery assessments and 
research are fOcus("d on the oHShore. There is a need to deYelnp new fisheries assessment programs that include 
both nearshore and offShore habitats. Similarly. increased monitoring of other aspects of the altered nearshore 

waters and habitats is necessary. 
In spite of new eff(,rts such as the GLRI, scientists in the Great Lakes are titecd with limited funding and 

resources to carry out research and monitoring programs. Thus, scientific efforts must focus on priority top­
ics and geographic areas as identified throngh expert deliberations. For example, the Lake Eric "-lillcnium 
Network's 2011 Synthesis Team Report~'j) identifies specific research needs to better understand processes 
of nutrient transport from the landscape to the lakes. The role of nitrogen in encouraging blooms of toxic 
:\1icrocyJtL~· is poorly understood and .should be further studied.2

l1 

Finally, there is a need to better integrate the results of research and monitoring into development and 
implementation of policy. As science advances our understanding of OC\V nutrient dynamics, invasive species 
changes and ecosystem impacts. this knowledge must help ~uide the development of \Vater quality objectives 
and loading targets, as \.veil as programs to meet the targets. 
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Education and Outreach 
Changes to policies and research cffi)rts are necessary to solve the nutrient prohkms in the Great Lakes, but on 
their own will not be sufficient. An cJucatcd and infOrmed public of water quality stewards wiH be necessary ro 
ensure that nutrient reduction cff()rts arc successful. Thus, we must enhance outreach and education to inform 
the public on the feast/famine problem, its causes, and its solutions. It is vital that the public understands both 
nearshore eutrophication and offshore oligotrophication and how the two problems are linked. This can be par­
tially accomplished through the promotion of existing outreach and education effims, such as EPA's Nitrogen 
and Phosphorus Pollution Outreach Portal:'" Outreach eft(>rts must be ramped up across the basin to empower 
the public by providing simple actions they can take (see "What You Can Do" below), The public also should 
be made aware of opportunities to weigh in on policies and planning eftOrts such as watershed plans, and 
should be encouraged to actively participate in the governance of their precious water resources. Existing public 
engagement and outreach etlorts through bodies and institutions such as LaMP Public Forums, Sea Grant 
outreach programs, and university extension programs must be fully supported. 

Invasive Species 
This report has focused on the dichotomy between least and famine in the Great Lakes, where two invasive 
mussel species the size of a fingernail have changed the way an entire ecosystem functions and responds to 
human-induced stressors. Clearly, invasive speries can impact the lakes in ways we cannot anticipate. Thus, we 
must make every eftort to prevent the introduction and spread of invasive species in the Great Lakes. Example 
measures that should be taken include supporting strict regulation of organisms in trade, tightening controls on 
ballast water in comtnercial ships, and preventing the movement of organisms through canals and waterways 
(e.g., through building a permanent separation between the Mississippi River and Great Lakes llasins in the 
Chicago area). In addition, efforts to include a comprehensive invasive species annex in the GLWQA must he 
encouraged to reflect the important connections between non-native organisms and water quality. 

At present, there is little that can be done to control or eradicate the invasive dreissenid mussels that 
are wreaking havoc on Great Lakes water quality and food webs. However, we must continue to explore 
innovative control methods for zebra and quagga mussels and other harmful invasive species. Important 
work is already underway and should continue to be supported. For example, scientists have developed, and 
a private company is now marketing~ a product that kills only invasive dreissenid mussels. Currently. studies 
arc examining the use of this control method in open waters such as the Great Lakes.'" Researchers at the 
U.S. Geological Survey are studying the biology of invasi\·e mussels to lnform selective control methods . .:H 

Additionally, many fish species in the Great Lakes consume dreissenids, ;;~potentially representing a powerful 
biological control method that could be encouraged.2'1' These and other eff()rts to develop creative invasive spe­
cies control solutions should be supported. 

WHAT YOU CAN DO 

Although residential areas contribute only a small amount to phosphorus pollution, every effort helps to pre· 
vent eutrophication In the Great Lakes. There are simple things the average citizen can do to reduce runoff of 
nutrients from their yards:217 

Use only phosphorus-free fertilizer that is designated for lawns; 
• Apply fertilizer in smaller quantities and less often. and not before anticipated heavy rainfall; 

Do not apply fertilizer within 25 feet of any body of water; 
Get your soil tested to see what nutrients your lawn needs; 
Pick up all pet waste and dispose in a garbage can; 
Maintain your septic system properly; 
Keep water on your property by installing rain gardens and/or rain barrels. 

There are also actions you can take to prevent the introduction and transfer of invasive species that might 
otherwise harm the Great Lakes. If you boat or fish in the Great Lakes or any inland waters in the basin, follow 
recommended guidelines to prevent the spread of invasive species. Visit http://www.protectyourwaters.net/ 
for more information. Aquarium enthusiasts and water gardeners should be aware of invasive species and avoid 
releasing them into the environment. See http://www.habitattitude.net/ for recommended guidelines. 
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Senator CARDIN. Thank you very much for your testimony. 
Ms. Chard-McClary. 

STATEMENT OF SHELLIE CHARD-McCLARY, DIVISION DIREC-
TOR, WATER QUALITY DIVISION, OKLAHOMA DEPARTMENT 
OF ENVIRONMENTAL QUALITY 

Ms. MCCLARY. Thank you. My name is Shellie Chard-McClary. 
I have 19 years experience implementing both Clean Water Act 
and Safe Drinking Water Act programs in the State of Oklahoma. 
I also have the added task of also working with our operators 
through an operator certification training program in my current 
role as the Water Quality Division Director at DEQ. 

I am also on the board of the Association of Clean Water Admin-
istrators, who are the voice for the State and interState and terri-
tories for implementing Clean Water Act programs. Today I will be 
delivering testimony on both behalf of my home State of Oklahoma 
and ACWA. 

In its over 40 years of being in existence, the Clean Water Act 
has allowed us to successfully reduce many sources of pollution in 
our Nation’s waters. One of the areas we are currently addressing 
is how to reduce the presence in our waters of two pollutants that 
pose very unique challenges, and those are nitrogen and phos-
phorus, commonly referred to as nutrients. Today, our nutrient pol-
lution is a leading cause of water quality impairment across the 
Nation, and it does cause adverse impacts on our drinking water 
sources, the aesthetics of the water, our recreational uses and on 
the aquatic life. EPA has a data base that indicates that 21 percent 
of all water bodies are impaired, the impairments are nutrient re-
lated. In Oklahoma we have 10 streams and 22 lakes that are im-
paired from nutrients. 

The data base also shows that 18 percent of all TMDLs that have 
been completed and approved have been for nutrient related issues. 
In Oklahoma, we have completed three lake TMDLs for nutrients 
and we currently have six others in the works. 

The most important message I would like for the Committee to 
come away with today is that the States are doing something. We 
have a lot of activities, we are addressing these very complicated 
issues. And I will provide more information later. 

First I would like to address why nutrient pollution control is so 
difficult. Our traditional approach is identifying a single level that 
a pollutant is too toxic to the environment, and then we set some 
numeric standard or some narrative standard to keep the pollutant 
below that level. There is not really a consistent definitive level 
which we can say that an entire water body or an entire State has 
too much of a nutrient. Nitrogen and phosphorus are widely vari-
able, they are naturally occurring. They are necessary components 
to our environment. Just as the amount of calories that a person 
needs to be healthy depends on height, weight, activity level, the 
amount of nutrients needed in a water body varies. 

The extent to which a nutrient’s adverse effects on drinking 
water, taste and odor problems, we have extreme cases of fish kills, 
the extent to which it occurs in a water body depends upon a wide 
range of critical factors that include sunlight, the optimum stream, 
substrate stream flows, temperatures and the backgroundwater 
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chemistry. These factors are site-specific. Therefore, States have 
found that nutrient levels that may cause impairment in one 
stream or one set of conditions may not have the same negative im-
pact. 

A single number for nitrogen or phosphorus is not often an accu-
rate indicator of adverse ecological or water quality effects. We 
have to look at other factors, such as biology and develop with EPA 
a flexible approach in controlling nutrients. In fact, there is a meet-
ing tomorrow, as you have heard, that State and EPA will be meet-
ing together to hopefully work out some approach. 

Another complicating factor in addressing nutrients, we only 
have the authority over point sources and not those non-point 
sources. Due to the variation in natural systems, nutrient control 
and Management call for a wide range of solutions. States are 
using a wide variety of tools. We are looking at numeric standards, 
narrative standards, total maximum daily loads, best management 
practices and looking at other parameters, such as chlorophyll A, 
looking at sediment and trying other innovative approaches. 

We understand that EPA may see it as an opportunity of a one 
size fits all standard. We don’t see that this causes us to have the 
greatest impacts. W hen we look at what Oklahoma has been able 
to do through work with our water Resources board, setting both 
narrative standards and specific numeric standards for certain 
stream bodies, we have seen successes. We also have seen success 
through our non-point source program, through our conservation 
commission, where we have seen 60 to 70 percent reductions in our 
nutrient pollution. 

We have heard a lot about Senator Inhofe’s experience, so I won’t 
go into that except to say we know we haven’t made it all the way. 
We have been very successful in making reductions through our 
point sources and through our non-point source program. But we 
know we are not there yet, and we are working toward being suc-
cessful. 

Thank you very much for this opportunity to be here before you 
today and I would be happy to answer any questions that you all 
may have. 

[The prepared statement of Ms. Chard-McClary follows:] 
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Testimony of She/lie Chard-McCiary 
Water Quality Division, Oklahoma Department of Environmental Quality 

and ACWA Board Member 

United States Senate 

Committee on Environment and Public Works 
Subcommittee on Water and Wildlife 

Regarding 

Nutrient Pollution: An Overview of Nutrient Reduction Approaches -
The Essential State Role 

Good afternoon, Chairman Cardin, Ranking Member Sessions, and Members of the Subcommittee. 

My name is Shellie Chard-McCiary. I am the Water Quality Division Director for the Oklahoma DEQ. 

have 19 years of experience in implementing Clean Water Act (CWA) and Safe Drinking Water Act 

(SDWA) programs. An important caveat to ODEQ's CWA authority that is worth noting is that while the 

ODEQ does not have the responsibility of setting Water Quality Standards (WQS), we do have the 
daunting task of implementing the WQS through the permitting process. I also serve on the Board of 

Directors for the Association of Clean Water Administrators (ACWA), the national representative for 

state, interstate, and territorial officials responsible for Clean Water Act implementation. Today, I am 

testifying on behalf of both ODEQ and ACWA. 

Over its nearly 40 years, the CWA has allowed us to successfully reduce many sources of pollution to our 

nation's waters. One of the areas we are currently addressing is how to reduce the presence in our 

waters of two pollutants that present particularly unique challenges - nitrogen and phosphorus 

(together, "nutrients"). Today, nutrient pollution is a leading cause of water quality impairments across 

the nation, and causes adverse impacts on drinking water sources, aesthetics, recreational uses, and 
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aquatic life (such as nuisance algae growth, dissolved oxygen reductions, and pH increases). EPA's 

database indicates that 21 percent of all listed impairments are nutrient related. In Oklahoma, we have 

10 stream segments and 22 lakes that are listed as impaired for nutrients. EPA's database also shows 

that 18 percent of approved Total Maximum Daily Loads (TMDLs) have been developed to address 

nutrient impairments. Oklahoma has completed three lake TMDls for nutrients and is working on six 

others. One important message I would like you to take away today is that states are taking action to 

address this very complicated and important issue. I will provide additional examples later in my 

testimony. 

First, I would like to address why nutrient pollution control is so difficult. Our traditional approach to 

controlling a pollutant is to identify the level at which that pollutant is "too toxic" to the environment, 

and then set water quality-based numeric and/or narrative standards to keep that pollutant below the 

toxic level. Nutrients are different. There is not a consistent, definitive level at which we can say across 

an entire state- or even across a water body or watershed- that this level is "too much." Nitrogen and 

phosphorus are widely variable, naturally occurring, ubiquitous, and are necessary components of 

healthy ecosystems. Ecosystems can be healthy under a wide variety of nutrient levels. Just as the 

amount of calories a person needs changes based on the individual's height, weight, metabolism, 

percent of body fat, exercise habits, etc.; an ecosystem's need for nutrients depends on many factors. 

The extent to which nutrients' adverse effects (for example, algae growth, pH increases, drinking water 

taste and odor problems, and in extreme cases, fish kills) occur within a water body depends on a wide 

range of critical factors such as sunlight, optimal stream substrate, stream flow, temperature and 

background water chemistry. These factors are site-specific. Therefore, states have found that nutrient 

levels that may cause impairments in one stream under one set of conditions will not have the same 

negative impact in a different water body. 

A single number for nitrogen or phosphorus is not often an accurate indicator of adverse ecological or 

water quality effects. We have to look at other factors- like biology- and develop with EPA a flexible 

approach to controlling nutrients in the environment. In fact, there is a meeting tomorrow between 

EPA and the states to discuss the approaches states are already using and that integrate biological and 

ecological assessments to characterize nutrient impairments and develop a viable science-based 

integrative approach to their control. 

Another factor complicating our approaches to addressing nutrient loading to our water bodies is that 

under the CWA, states only have direct authority over point sources, leaving most of us in a position to 

only incentivize and encourage nonpoint source reductions (for example, from agriculture). In many 

watersheds, nonpoint sources may account for a large percentage of nutrient loads. Therefore, 



284 

VerDate Aug 31 2005 09:17 Jun 02, 2017 Jkt 000000 PO 00000 Frm 00290 Fmt 6633 Sfmt 6633 S:\_EPW\DOCS\24963.TXT VERNE 24
96

3.
16

2

Shellie Chard~McCiary 

Oklahoma DEQ & ACWA Page 3 ofG 

expenditures by municipalities and industries aimed at achieving reductions from the end of the pipe 

may produce little overall gain. 

Due to the variation in the natural systems, nutrient control and management calls for a wide range of 

solutions. States are using a variety of CWA tools to achieve nutrient reductions. These include: 

nitrogen and phosphorus standards; total maximum daily loads (TMDLs), individual permit limits; 

wastewater treatment plant optimization; best management practices (BMPs); control of other water 

quality parameters such as sediment; voluntary nutrient coalitions that involve trading; and other 

innovative approaches. These diverse approaches require that a variety of nutrient accountability 

frameworks exist for measuring reductions. 

States understand the appeal of a single water quality standard for nitrogen or phosphorus in 

implementation in order to gain what appears to be a consistent national approach. However, this 

approach does not acknowledge the real need for a more flexible system, which would allow for 

nutrient standards to work more effectively in the wide number of applications in which they are used 

by permitting authorities (for example, NPDES permit effluent limits or the calculation of TMDLs). 

EPA's Office of Water recently acknowledged our reality in a March 16, 2011 memorandum to its 

Regional Administrators, stating that, "States need room to innovate and respond to local water quality 

needs, so a one-size fits all solution to nitrogen and phosphorus pollution is neither desirable nor 

necessary." States are concerned, however, that this memorandum still establishes the expectation of 

numeric nitrogen and phosphorus standards. 

At this point, I would like to highlight some of the approaches that Oklahoma has been implementing to 

address nutrient impaired water bodies. The Oklahoma Water Resources Board (OWRB) established 

narrative criteria for certain water bodies in order to protect them from nutrient loadings that " .. .impair[ 

] any existing or designated beneficial use." Additionally, OWRB established a standard for chlorophyll 

a, which, although not a nutrient, is a good indicator of the presence of nutrients at levels that may 

adversely impact water body uses. At the same time, the OWRB established a numeric standard of 

0.037 mg/L for phosphorus for the Scenic Rivers. Currently, this standard is being reviewed by a 

technical advisory panel made up of representatives from Oklahoma, Arkansas, EPA, and the Cherokee 

Nation. This review exemplifies what can be accomplished when states have the flexibility to set 

nutrient standards on a site-specific basis. 
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These three very different standards to address nutrients have resulted in aesthetic improvements to 

the water bodies that are a part of Eastern Oklahoma's vibrant tourism industry. However, these 

improvements have come at significant costs to cities and towns in both Oklahoma and Arkansas. The 

Oklahoma cities of Tahlequah (population 15,000) and Westville (population 1,600) have spent millions 

of dollars to meet the established criteria. 

The Oklahoma Conservation Commission achieved success using a combination of EPA Clean Water Act 

§319 and state funds to address nonpoint source impaired water bodies through a cooperative program 

that involves local, state, and federal agencies, as well as local land owners. These partnerships offer a 

combination of education and voluntary cost-share implementation programs to address nutrient, 

sediment, and bacteria related impairments. In order to evaluate the success of these programs, there 

is a monitoring network in place that evaluates water body conditions at over 250 sites. 

These efforts have resulted in nutrient loading reductions of between 60% and 70% in Oklahoma's 

highest priority watersheds. There have been numerous waters taken off our 303(d) list of impaired 

waters. In fact, in the last two years, Oklahoma has been one of the top five states in the nation for 

estimated nutrient load reductions due to implementation of the §319 program. Our most recent data 

suggests significant water quality improvements due to reduced nutrient loading in the top three 

priority watersheds in the state (Illinois River, lake Spavinaw, and Grand lake/Honey Creek). Finally, 

each year, these programs help hundreds of Oklahoma landowners reduce their impacts and improve 

their property, helping to ensure that Oklahoma agriculture will continue to play a primary role in 

feeding the nation and the world. In doing so, the program educates and impacts thousands of people 

each year about the importance of water resources and what can and is being done to protect them. 

I, like most people, enjoy being able to tell others our success stories. However, I feel that it is 

important that I share with you one of Oklahoma's biggest challenges this year. late, on June 23, 2011, 

ODEQ received a call from the Grand River Dam Authority (GRDA). That telephone call was only the 

beginning of what would turn out to be a very difficult summer and fall. GRDA was calling ODEQ to seek 

advice on what actions to take based on samples from Grand Lake showing a high presence of toxic Blue 

Green Algae (BGA). As of October 1, 2011, there were six lakes that were either totally or partially 

restricted from body contact recreation. The warnings were issued to protect individuals from upper 

respiratory distress, gastrointestinal disorders and/or skin rashes. The state health department 

confirmed 17 cases of illnesses from exposure to BGA with two additional still pending. 
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You may be wondering what this has to do with nutrient levels in water bodies. BGA is routinely present 

in lakes and rivers in Oklahoma. However, it does not have large blooms or impact recreational 

activities, or drinking water treatment when it is present in the "normal" levels. However, when the 

temperature gets very hot and rainfall is limited, the water is likely to become stagnant and when 

nutrients are present in high concentrations, BGA becomes the dominant algae species. These 

conditions lead to very large, very rapid BGA growth. Once the BGA completes its life cycle, it releases a 

toxin, which causes illness from body contact recreation and if consumed in drinking water. With the 

BGA present in several of the state's larger surface water reservoirs, drinking water systems were faced 

with additional challenges to filter the BGA without killing it to prevent the release of the toxin. 

While we recognize the progress we are making in reducing the impact of nutrients to water bodies; we 

clearly still have much work to do. The BGA incident that began in late June, and is continuing today, 

clearly illustrates the impacts that occur to the environment when balance is disrupted. 

Because of our experience with BGA this year, we are beginning an internal process that will result in the 

development of a plan to assist us and public water supply systems, should we find ourselves faced with 

this situation in the future. These localized events that are driven by many conditions, including those 

that we cannot control, such as temperature and drought, are another reason why it is so important 

that states maintain their flexibility in implementing nutrient criteria so that we can take necessary 

actions to avoid these toxic algal blooms in the future. States need to be able to take into account what 

happens in a local water body under different conditions in order to adequately protect it. While we 

have not yet been completely successful in adequately controlling nutrients in our water bodies, we are 

making progress and will continue to move forward, make adjustments and create more opportunities 

for success stories. 

As ODEQ works with its sister agencies to implement nutrient criteria, we recognize the high cost to 

reduce the impacts these pollutants have on our water bodies. In a study we conducted, we determined 

that the estimated costs to reduce nutrient impacts to our sensitive water supply lakes are $29 to $53 

million. However, the reduction in the treatment costs required by the drinking water treatment 

facilities was estimated to be $106 to $600 million. This is a clear example of, "An ounce of prevention 

is worth a pound of cure." 

In conclusion, states share the Administration and Congress's concerns about nutrients and have 

adopted a variety of approaches, including narrative standards, nitrogen and phosphorus standards, 
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BMPs, watershed plans, etc. In my state, we have developed a variety of approaches since the nutrient 

issues are dependent on many site-specific issues. State economies, small communities in particular, 

are already under financial stress and will face additional infrastructure costs if we don't continue to 

reduce nutrient impairments in water bodies in the most effective environmental and economic 

manner. In addition, we agree with EPA that it is imperative to prevent additional nutrient impairments 

from developing, as it is much more economical to prevent impairments than it is to restore a system 

once it is impaired. We encourage EPA to continue to work with states to develop and implement the 

most appropriate tools for nutrient reduction and control, and to allow states the flexibility that is 

crucial to effectively address this important water quality challenge. The right tool is not always a 

number. The right tool for large urban areas is not always the right tool for small rural areas. 

Mr. Chairman, Members of the Subcommittee, I thank you for this opportunity to share ODEQ's and 

ACWA's thoughts on the importance of the states' role and our on-going efforts in nutrient pollution 

reduction and control. I will be happy to answer any questions that you may have. 
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Senator Barbara Boxer, Chairman 
Committee on Environment and Public Works 
United States Senate 
Washington, DC 20510-617 5 

Senator James M. lnhofe, Ranking Member 
Committee on Environment and Public Works 
United States Senate 

DC 20510-61 75 

Dear Senators Boxer and lnhofe: 

OKLAHOMA 
DEPARTMENT OF ENVIRONMENTAL QUALITY 

Thank you for the to appear before the Committee on Environment and 
Public Works Subcommittee on Water and Wildlife hearing entitled ''Nutrient Pollution: 
An Overview of Nutrient Reduction Approaches.'' I have received the questions raised 
by Senators Boxer, Cardin and lnhofe and respectfully submit responses from my 
perspective as a state regulator for the Oklahoma Department of Environmental Quality, 
and as a board member of the Association of Clean Water Administrators. 

First, in response to the issues raised by Senator Boxer: 

.. Your testimony call.~ for aflesible approach led by States. As you also indicated in your 
testimony, EPA Acting Assistant Administrator. Nanc:y Stoner, recentlp issued a memo 
reaffirming the agency's commitment to parrnering with states to reduce nutrient 
pollwion. In this memo, Ms. Stoner stated. 

'States need room to innovate and re.1pond to local water quality needs. so a one­
size fits-all solution to nitrogen and phosphorous pollution is neither desirable 
nor necessary. 

At the same time, the EPA JG, NAS and others have recognized the importance (!l 
numeric criteriafiJr measuring progress and achieving nutrient reductions. lnfhct, a 
nutrient taskfhrce co-chaired by AS!J<VPC1 stated that. 
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'Narrative nU!rient criteria are widely used hu1 are not easily applied. Adopting 
numeric nutrientlmtcr qualitv criteria 1\'0tt!d provide the hasis(vr better 
assessment o(impairmenls, am/for NPDES permit writers to require numeric 
limitsfbr point source dischm:ges. Numeric crizeria could also he used as a tool 
to set nutrient capping levclsfor point and nonpoint .\o11rces. · 

As this report suggest.\·, isn't it correct that numeric limits are an important tool to help 
reduce nutrient pollution.? 

Also, isn't it true thai numeric /imils can be used in combination with other fools. 
enabling states to estahlish a baseline to measure progress H'hile al!oH•ingfiJrflexihilitv 
in achieving nutrient reductions:;" 

There is no question that numeric nutrient criteria are important and play a key role in 
addressing nutrient pollution. However. they arc problematic when a "one size tits all 
approach" is applied. It is impmiant to usc numeric criteria where appropriate and 
partner it with other tools such as nanative criteria. Oklahoma has successfully 
combined the two approaches in the Illinois River Watershed in Northeastern Oklahoma. 
ln this area, a numeric criterion has been established for phosphorus (P) and is applied to 
point source dischargers, including municipalities and industlil's in both Oklahoma and 
Arkansas. In addition, there is a nan·ative criterion that is applied to the non-point 
sources in the area. Based on this integrated approach there have been documented 
improvements in this impmtant Scenic River. However, these improvements have come 
at a significant cost to the point source dischargers. The high cost to comply with 
discharge limits bas(~d on the numeric criterion is due to the fundamental difference 
established in the Clean Water Act for point sources (regulatory) and non-point sources 
(voluntary). This disparity is even more extreme when the amount of nutrient 
contribution betw·een the point sources and non-point sources is evaluated. It is only the 
point source dischargers, industries and municipalities, which must comply with the 
standard; while non-point sources arc encouraged to take voluntary steps. 

Another important tool that states are using is partnerships that are fom1ed with various 
other govemment entities. In the case of the Oklahoma phosphoms criterion, there is a 
work group consisting of multiple state agencies from two states, tribal governments and 
EPA. This group has diligently worked to evaluate the appropriateness of the P standard 
and to make recommendations to the Oklahoma Water Resources Board at an upcoming 
meeting. The difficulty comes when detem1ining how to best implement the established 
numeric standard since not all nutrient cont1ibutors are bound to comply. Jt is difficult to 
convince many people that the difference between a 0. I mgiL P limit and a 1.0 mg/L P 
limit is wmth the high cost of treatment. It is, however, easier to convince the public that 
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large algal blooms creating pea green water covered with ··slime" in a recreational water 
body is bad. A single number does not improve the water quality, but works with other 
methods to be successful in preserving and returning beneficial uses to the water body. 

There are multiple ways to establish a baseline. While setting a specific numeric 
standard is one method that can be evaluated by testing a specific parameter and 
comparing results to a predetennined number, it is not always the best indicator. For 
example, at the same level of nutrients the rate of algal growth is significantly different 
when temperatures are higher and when water in a lake becomes stagnant. Therefore, a 
specific numeric standard for a water body may be protective only under certain weather 
conditions. Another key factor in evaluating nutrients is the type of water body. There 
are significant differences in addressing nutrient impacts in a flowing river versus an 
intennittent stream versus a large lake with many streams J1owing in, varying depths, etc. 
A river with a large and consistent flow many not show impacts of the presence of 
nul!ients until the t:onc..:ntration is quite high. However, small rivers with continuous 
flow will likely show impacts at lower concentrations. In the case of lakes. rainfall and 
accumulation of nutrients over a long period of time, as well as temperature, will dictate 
the impact on the lake of the concentration and the mass loading of the nutrients. 

Second, in response to the specific issues raised by Senator Cardin: 

"Can numeric hmils on nutriel1ls be used in combination with or her 10o/s. enabling slates 

to establish a baseline to meusure progress whil<' allowingforjlexibilitv in achieving 
1111trien1 reductions?" 

As discussed above in response to Senator Boxt,'!''s question, nutrient numeric limits are 
one tool that is available. It must not be viewed as the only tool or as a prefeiTed tool. It 
is important to incorporate other tools like naiTative standards, conservation programs, 
etc. Using nume1ic standards as the baseline can be problematic. As stated above, 
numeric nutrient criteria lead to a pennit limit that point source discharges must attain 
while non-point source discharges are encouraged to take some action to reduce nutrient 
runoff into the water body. The single number may or may not impact the amount of 
algae !,'!'Owing in a given stream segment since other factors, such as temperature change, 
can cause greater growth. 

Nutrients are very different from other pollution sources in that they have varied impacts 
on a water body based on other conditions outside human control such as temperature and 
rainfall events. The same amount of nut1ients in a stagnant water body with prolonged 
temperature in excess of I 00°F will cause higher rates of certain types of algae. If the 
baseline is a single number, it will only be protective under consistent weather 
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conditions. However, nan·ative criteria can be applied regardless of changing conditions. 
Multiple tools are available and should be considered whenever making decisions that 
impact not only the environment but also local industries and cities. 

"Do you think a nutrient-trading program would he an e{fixtive way to manage and 

rcduee nutrient pollution? Why or why not?" 

Nutrient trading programs are another tool available to address nutrient loadings in water 
bodies. As with most options to solve problems, the likelihood of success depends on 

many factors; three of which arc discussed here. First, there must be an 

acknowledgement of the need for a trading program and a long tem1 commitment by the 

multiple sectors impacting the water body. Without multiple pa1iies invested there is no 

market to implement the tradeoff's. Second, a system must be developed to document the 

trade arrangement. If the benefit cannot be documented and realized, the public and EPA 

will not recognize the improvement that has been made in that water body. Finally, a 

··mind seC change is necessary. Pollutant trading is a relatively new idea compared to 

the 40 yenr history of the Clean Water Act. Regulators. environmental activists, point 

source dischargers and non-point source contributors must work together to determine the 

best approach to spend limited dollars that will reduce the overall contribution of a 

pollutant to a water body rather than evaluating each contributing piece individually. 

There are approximately 15 states that either have implemented trading programs or that 

have trading programs under development. Maryland, Pennsylvania, Virginia and West 
Virginia have introduced nutrient trading programs to address nutrient pollution in the 

Chesapeake Bay. All tf.1ur allow the trading of nitrogen and phosphorus, while all but 
Virginia also allow for sediment trading. Other examples of trading programs include 

Connecticut's Nitrogen Exchange Credit Program for Long Island Sound and Denver, 
Colorado's Cherry Creek Reservoir Watershed Trading Program. These programs were 
developed to solve a specific pollutant problem using site specific criteria. Additionally, 

there was substantial buy-in from impacted entities. Without that buy-in, the trading 

programs would have no chance for successfully reducing pollutants into the water body. 

Finally, in response to the specific issues raised by Senator Inhofe: 

Why is a single numherfi)r nitrogen or phosphorus usuallv not an accurate indieator of 

adverse ecological or n·ater qualizy effects? FVhy do you believe EPA is cominuing to 
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press slates to adopt a single, one-.,·ize:fit.~-allnumher? Is using a single-numher 

approach scienti(lcall)l sound? 

Nitrogen and phosphoms are vital nutrients to all living organisms. However, in excess 

quantities, nutrients cause impairments to water bodies. Stating that all water bodies 

should have a single nitrogen or phosphorus criterion would be the equivalent of a 

dietician stating that all people should eat twelve ounces of protein every day. For some 

people that is an excessive amount of protein and for others that is an inadequate amount 

of protein. They are all people, hut their size, metabolism, muscle content, etc. dictate a 

different level of protein that is needed to be healthy. Water bodies are not different. 

The organisms living in that water body must have at least a minimum amount of 

nutrients to survive, but excessive qualities of nutrients cause greater growth of ce1iain 

organisms, such as algae, that can result in a negative impact on the water body. Finding 

an acceptable balance is the key. 

EPA is struggling to demonstrate the success of CW A programs due to the number of 

third piuiy lawsuits that arc filed, the number of inquiries from media aud other entities, 

their limited resources, and the natural variations that occur throughout a country 

consisting of 50 states, all ,,_,·ith very diverse geography. climate, natural resources. 

industries, farming practices, residential landscape practices, etc. ln order for EPA to 

acknowledge the concems expressed by some that EPA is not taking appropriate actions 

to adequately implement the CW A, a standardized process where all states are treated 

identically, i.e., nutrient numeric criteria, was the result. While EPA has good intentions, 

this approach does not adequately consider all significant factors. 

Climate and geography play a key role in nutrient management. A water body in a hot 

climate is likely to experience greater biological growth than a water body in a cold 

climate with the same nutrient content. While it appears obvious that some of these 

differences can be addressed by allowing states to set state specific criteria, there are 

many instances, particularly in the larger geographic states, and states with wildly 

varying temperature swings over the course of a year, where the same water body may 

experience prolonged periods of both high and low temperatures. Examples of the 

impact of temperature in water bodies with consistent nutrient levels would be Grand 

Lake and Lake Tenkiller in Oklahoma. This summer, when temperatures were in excess 

of 1 00°F for a prolonged period of time (more than 100 days by summer's t:nd), the 

population ofblue-green algae exploded and caused illness in humans and animals. 

However, in the months prior to and following the extreme heat, the population returned 
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to a "normal .. level. If a single number had been established tlJr nitrogen or phosphorus, 

it could have been established at a level that showed no impact during cooler weather but 
was detrimental in wanner weather; or conversely, if the crite1ia had been established to 
be protective in wanner weather it may have been cost prohibitive to implement. 

The costs associated with addressing nutrient pollution is borne almost exclusi vcly by 
point source dischargers. i.e., municipalities and industries. The voluntary nature in 

which non-point source programs are implemented make it unlikely that 
individuals/corporations will expend the resources necessary to make a significant 

contribution to the reduction of nutrients in water bodies. The CW A Section 319 

program allows funding for ce1iain projects that demonstrate and implement cost 
effective solutions to r~duce the nmoff fi·om eligible areas. 

Another an~a that is extremely diftieult to address is the habit of the public regarding 
fertilizing their lawns. There are no current regulations that state how much k11ilizer 
each individual is allowed to apply to their privately owned property. There is no 

requirement or simple method that allows individuals to sample the soil and get a quick 
and easy answer to how much or what kind of fertilizer is needed by the lawn. Over 

fertilization results in additional nitrogen and phosphorus running off the property, 
through stonn drains, and into nearby water bodies. Cun·ently, this creates an almost 

impossible situation for point sources to reduce their contribution enough to offset what 
is occuning through ''unregulated" sources. 

On the sur± ace, it appears that if one consistent number or process is establ ishcd, all states 
can be compared to each other in an "apples to apples'· manner. This leads to the ability 
for EPA to provide ''consistent and comprehensive oversight" of state programs. 
However, the reality is not an approp1iate measure of whether or not a water body is 
healthy, but rather a predetermined number that may or may not be applicable. States 
have demonstrated that there are multiple approaches to address nutrients. EPA appears 
to be listening to the states and appears willing to allow a flexible approach, rather than a 
scientifically developed standard based on only one set of criteria. Unlike with metals or 
other pollutants, it is necessary to consider additional environmental conditions to 
appropriately develop a numeric standard. 

EPA's approach of allowing states to establish standards on a stream segment or water 
body specific basis is appropriate and scientifically sound. However, problems arise 
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when the approach extends beyond those small segments, and when the numeric standard 
is the only approach that is actively applied. 

EPA "strongly believes that states should lead the effort" to reduce nutrient pol!ulion. 
and EPA is "committed to finding collaborative solutions" and building "partnerships 
H'ith stares and col!ahoration with stakeholders.·· From your mntage point. and judging 
hy EPA's actions. is EPA being "collaborative" and willing to let the states "lead the 

etfim" in dealing with nutrienf pollution? Why or why not? 

There is no question that at times EPA has not been collaborative and willing to Jet the 
states lead the effort in addressing nutrient pollution. The most obvious example is the 
development and promulgation of numeric nutrient criteria in Florida. (See testimony 
provided by Richard BudelL florida Department of Agriculture and Consumer Services) 
However, recent developments indicate that EPA is willing to work more closely with 
Florida and has indicated that it will likely approve the criteria that Florida has proposed, 
which calls 1(1!' flexibility and a "biological conflnnation approach." 

From a broader perspective, EPA is currently making an effort to meet with states and 
discuss options, approaches, guidance, etc. Time will tell ifthe end result is a 
collaborative process or simply a series of meetings for the sake of claiming to have 
sought out state input. 

Was Oklahoma consulted prior to the issuance (>['EPA's March 16, 2011, nwrients 
':fi·amework .. memo? How could EPA improve !he ·:tramework .. memo to ensure that 
th(!V are empowering states to tackle these issues in a scientificaiZv sound rmy? 

Oklahoma works very closely with the Association of Clean Water Administrators 
(ACW A), previously known as ASIWPCA. In fact, several Oklahoma environmental 
agency staff hold task force/committee and Board positions. This allows Oklahoma to 
pa1iicipate on a wide range of issues that are important to the state. Oklahoma was part 
of the team of states that worked with ACW A and EPA on this ctitieal issue. In fact, 
Oklahoma had a representative present at the meeting on October 5, 2011 that was 
referenced by several individuals during the hearing. 

ACW A members generally had a positive response, as EPA called for flexibility and the 
need to allow states the ability to innovate. In the memo, EPA recognized that a one­
size-fits-all solution to nitrogen and phosphorus pollution is not the right way to go. 
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However, while om· members agreed with EPA on much of the memo ·s content, they did 
feel that one of EPA's recommended elements of a state framework, which calls for the 
development of numeric nitrogen or phosphorus criteria for at least one class of waters 
within the state within three to five years, undem1ined the earlier call f(>r flexibility. At 
the same time, however, perhaps this is counterbalanced by EPA· s actions in Florida, 
which indicate tlcxibility. For example, in EPA's letter sent in response to Florida's 
November 2, 2011 release of the proposed rule, EPA states that it is prepared to suppmi a 
"'biological confilmation approach'" to detem1ining stream nutrient health. This approach 
is a combination of numeric nutrient criteria and bio-criteria. In order for the 
"'ti-amework'' memo to be helpful to the states, EPA must abide by the memo to allow the 
stated desire for states to have the flexibility to adequately and appropriately address 
nutrients. Additionally, EPA must recognize that when tlexibility and site specific 
criteria are being applied, there may or may not be a nitrogen or phosphorus numeric 
c1itcrion in a three to five year time frame. 

EPA must also continue to embrace alternative methods in evaluating criteria to 
detennine if an already established criterion is appropriate or should be moditled. A 
specific example in Oklahoma: there is a Technical Advisory Group that is headed by 
staff at the Oklahoma Water Resources Board and includes staff from three other 
Oklahoma state agencies, two agencies from Arkansas, a Tribal representative and an 
EPA Region VI representative. This group has reviewed scientific infonnation und plans 
to make a recommendation soon to the Board that establishes Water Quality Standards in 
Oklahoma. This type of collaborative effort will be instrumental to developing and 
implementing nutri<:nt standards, whether narrative or numeric, in the future. 

How importanr ure State Revoh•ingjimds to Oklahoma in terms of' reducing nurrienl 

pollution? U!Jwt about other EPAfimding, like §319 grants> 

Both of these funding sources are vitally impmiant to the ability to minimize the human 

impact on the environment The Clean Water Act State Revolving Fund is a signitlcant 

source of funding f(,r municipalities to expand or upgrade existing wastewater treatment 

facilities, or to construct new wastewater treatment facilities in order to comply with the 

ever increasing federal regulations including those related to nutrients. Some states, like 

Oklahoma, have taken advantage oft he federal funding each year and leveraged funds to 

create $7 (or more) tor every $1 provided in federal funding from EPA. The low interest 

rates, plinciple Jbrgiveness, and subsidization make it an attractive source of funding. 

However, in order to access the funding, the municipalities must be able to demonstrate 

an ability to repay the loan. Without this key funding source, the municipalities would be 
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left to secure higher interest bank loans, sell their own bonds on the bond market (if they 

have the capacity), fund all improvements through sales tax or utility rate hikes, or do 

nothing and provide inadequate treatment. 

The Section 319 funding is critical to funding education and conservation practices, and 

demonstration projects that dramatically reduce the amount of nutrient runoff into water 

bodies. The 319 program in Oklahoma has been able to document a 60%-70% nutrient 

load reduction in several of the state's highest priority watersheds. Additionally, the 

education programs work with landowners to help them reduce their impact on the 

environment while continuing to play a vital role in the nation's food supply. Without 

adequate fi.mding, there will be fewer success stories and state effmts focused on non­

point source contributors will become much more limited. 

EPA has published on its website the success st01ies related to the 319 program. 

(]1ttp://wmer.cpa.>lov/polwastc/npsisucccs>319) 

Why is using a "consensus·· approach. where you have buy-infi·om the regulated 

communi~v. important in del'efoping standards ami an Ol'erall water quali~v strategy fin· 

addressing nutrients? 

A consensus approach is/will be vital to any successful strategy to address nutrients in 

water bodies. Only when individuals, municipalities and commercial facilities recognize 

and understand the role they play in elevating the level of nutrients in a water body do 

they fully understand the need !()r them to take action to minimize the nutrient runoff. 

Additionally, when educational organizations (schools, universities, Boy Scouts, etc.) 
understand the causes and effects, they can work to encourage preventative measures at 

earlier stages. Ensuring that there is an understanding by the general public is also vital 

in order to be successful. lfthere is not ''buy in" fl'om all the various interested patties, 

they will work against each other. For example, if the only focus is on point sources, 

large amounts of money could be spent for only minimal improvement to the water body. 

Then, when civic or other citizens groups see the lack of progress, lawsuits could be filed 

to further reduce the impact of point sources, which may already have reduced their 

contribution to a level at which additional treatment is not available financially or at all. 

Under a consensus approach, the point sources would do their pmt, the non-point sources 

would reduce their contribution, and home owners would do their pmt to reduce over 

fertilization and mnoft: which would likely result in an improvement to the water body. 
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Finally, it is important for EPA and the state agencies to reach a consensus on the 
appropriate approach for a water body. If EPA is not on board with the actions of the 
state, there could be duplication of etlorts where an entity has different state and federal 
criteria to meet, wasted resources, etc. 

Ultimately, when all groups understand the process that will be followed, there can be a 
"grassroots" effort to make improvements to impaired water bodies and prevent others 
from becoming impaired. More can be accomplished when all sides are working together 
rather than in opposition. 

!(nutrient s!Cindards are based on el11'ironmema! re.1ponse paramelers. is if possible to 

develop permit/imitsfiir nitrogen and phosphoms? {(a state relies solelv on 

em•ironmental rC.IJmnse pammeters to determine impairment, does that mean that action 

will not he taken m1 a l\'aterbudv until impairment hus ulread1: occurred~ 

It would be '·possible" to develop a pennit limit based on environmental response 
parameters, although Oklahoma has never done so and is unaware of a State that has done 
so. lt would he a very data-intensive exercise, requiring extensive site-speeitlc data to 
show the relationship between nutrient levels and algae growth and a mechanism to 
determine when the algal growth would be considered "excessive". These kinds of data 
don't usually exist without a spccilic monitoring program. However. if the data was 
available, a numeric target for nitrogen and/or phosphorus could be derived and a permit 
limit could then be caleulated. 

Due to the complexity of the issue and the limited resources that states have, generally, 
actions have not been taken to impose nutrient reductions unless impaim1cnt has been 
documented. However, that would not necessadly have to be the case. If there was a 
nmTative criterion and adequate water body data to detennine response thresholds, and a 
procedure to translate those nutrient levels into pem1it limits, it would become just like 
any other water quality standard. A reasonable potential analysis could he pertonned and 
used to determine if a penn it limit was needed prospectively to avoid exceeding the 
dete1mined threshold. 

Is there anything else you would like to addjin· the record? 

Nutrient impainnents of water bodies in the United States are a problem. States 
recognize this problem and are working to address nutrients in a logical, economical, and 
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appropriate site-specific manner. Municipalities, industries, EPA, states, citizens groups, 
educators, scientists, etc. must work together to develop and implement appropriate 
solutions to this important environmental challenge. 

One current effmt that is underway, ACW A is conducting a survey to gather information 
on alternative approaches to nutrient reduction, including trading programs. The study 
has a planned release of early next year. This is another tool that states will be able to use 
in order to address nutrients in our nation's water bodies. 

Thank you for the opportunity to pa1ticipate in the dialogue of this impmiant issue. If 
you have any questions or need additional infonnation, please contact me at ( 405) 702-
8157 or by email at ~h~!li~.('hard-McClary(iU,dcq.ok"gQY . 

Sincerely, 

dJuttdt:J?acct/~( C/euC' 
Shellie Chard-McCJary 
Water Quality Division Director 
Oklahoma Depmiment of Environmental Quality 
P.O. Box 1677 
Oklahoma City, Oklahoma 73101-1677 
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Senator CARDIN. Before Senator Inhofe leaves, I am sure that 
you had made special note of that one lake, and you will do some 
work there. 

Ms. CHARD-MCCLARY. We have done quite a bit of monitoring 
work. We have over 250 monitoring sites. We are working with 
about seven lakes that as of today are still showing impairment. 
But it is an ongoing process with our State and local partners. We 
also have worked very closely with several of our Federal partners. 

But we hope to maintain a partnership. 
Senator CARDIN. Thank you. 
Mr. Maravell. 

STATEMENT OF NICK MARAVELL, MARYLAND CROP, 
LIVESTOCK AND VEGETABLE FARMER 

Mr. MARAVELL. Chairman Cardin, Ranking Member Sessions, 
members of the Subcommittee, I am Nick Maravell, an organic 
farmer for the past 30 years. 

We farm 170 acres in Montgomery and Frederick Counties, 
Maryland, producing livestock, hay, grain and vegetables. Let me 
give a partial list of our practices relative to nutrient management. 
Recycling of on-farm nutrients, fixing nitrogen and carbon from the 
air into the soil, lengthy crop rotations, multiple species plantings, 
including plenty of legumes, winter and summer cover crops, inten-
sive rotational livestock grazing, no-till planting into standing 
crops, stubble and perennial crops, slow release of nutrients, very 
minimal use of highly water-soluble nutrients and minimum use of 
off-farm fertility inputs. 

We have been able to weather good years and bad due to our im-
proving soil quality. We have also led to a better water quality 
through more efficient nutrient use and better nutrient holding ca-
pacity. We manage our manure to conserve its nutrients. We raise 
all of our feed for our livestock. Our beef never leave pasture. Our 
poultry are moved across our pastures. Thus, we manage our live-
stock so that manure does not accumulate in once place, has a 
chance to decompose quickly and surface runoff is readily absorbed 
into soil covered with vegetation. 

We add value to our products by making them organic and grass- 
fed, by selling them directly to the final user, and by on-farm proc-
essing of our poultry, poultry feed and seed stock. Our minimal im-
pact on the environment is a major selling point with our cus-
tomers. Our sales growth averages 10 to 20 percent each year, on 
par with the growth of the $30 billion nationwide organic industry. 
Our farming system lacks characteristics often associated with in-
creased risks of nutrient pollution. 

We are not a confined animal feeding operation centralizing the 
accumulation of manure. We do not specialize in primarily one type 
of product. We do not rely primarily upon off-farm water soluble 
fertilizers to supply our nutrients. We do not have very large fields 
with short, 2-year rotations of monocultures. We do not produce for 
a commodity or export market, we do not lose the identity of our 
product as it is marketed. 

American agriculture is very varied, and that diversity is a tre-
mendous strength that should be preserved. Because there is no 
one model that should apply to all farms, our national policy and 
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program should have the flexibility to accommodate our legitimate 
differences. I call this the multiple models approach. For example, 
Congress’ Chesapeake Bay Watershed Initiative of 2008 is tailored 
to provide regional nutrient pollution reduction. It needs to be ex-
panded to assure farmers of the help they need to meet new man-
dates. 

States need flexibility to work with farmers, particularly more 
latitude to allocate technical assistance funds to have maximum 
impact on reducing nutrient pollution. 

Finally, I will comment on some of the approaches that have 
been most helpful to me. On-farm research and onsite technical as-
sistance have been the most successful approach to improving our 
fertility decisions. Market forces that increase the farmer’s bottom 
line for providing ecological services are very effective. Allowing for 
some identity preservation of farm products provides the ultimate 
and direct accountability between agriculture and our local and re-
gional environmental preservation efforts. 

Assistance to plant cover crops is an excellent approach to recy-
cling nutrients. States could provide more flexibility in such areas 
planting multiple species, using innovative species, setting earlier 
and later planting dates, and exploring summer covers. Assistance 
to farmers who are responsibly managing their soil and nutrients 
but who want to make further improvements is an excellent ap-
proach, such as the Conservation Stewardship program. Such pro-
grams must be sure to cover various farm models and levels of ac-
complishment. 

For farms that do not accumulate large amounts of nutrients, 
particularly manure, the State should allow filing a new nutrient 
management plan once every 5 years with annual updates, rather 
than once every 3 years. I applaud the efforts of the Subcommittee 
to work with family farmers to help them remain profitable while 
increasing their ability to effectively manage their nutrients. 

[The prepared statement of Mr. Maravell follows:] 
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Statement of 

Nick Maravell 

Maryland Organic Crop, Livestock and Vegetable Fanner 

On 

Nutrient Pollution: An Overview of Nutrient Reduction Approaches 

Before the US Senate Committee on 
Environmental and Public Works 

Subcommittee on Water and Wildlife 

October 4, 2011 

Senator Cardin, Senator Sessions and Members of the Subcommittee, I am Nick 
Maravell, an organic crop, livestock and vegetable fanner for the past 30 years. 

I own and operate Nick's Organic Farm, located in Montgomery and Frederick Counties, 
Maryland. We have 170 acres in production. I consider us a small family farm. 

We operate a diversified and integrated fann, raising several types of crops and animals 
together. As an ecologically based operation, we rely on crop and animal diversity, 
lengthy crop rotations and rotational grazing. We strive to manage our nutrients with 
minimum risk of polluting our waters. 

Our fann is continually evolving-a work in progress-- as we look for ways to improve 
our practices. We currently conduct on-farm research in conjunction with USDA's 
Beltsville Agricultural Research Center, and have previously cooperated with the 
University of Maryland and the Maryland Department of Agriculture. We have been able 
to weather good years and bad due to onr improving soil quality-which has also lead to 
better water quality through more efficient nutrient use and better nutrient holding 
capacity. 

With minimal off-farm fertility inputs, we raise grass fed Angus beef, pastured chickens 
and turkeys, and free range eggs. We sell various types of mixed hays. We produce field 
com, soybeans, and barley. We grind our grains and sell organic poultry feed. We grow 
fresh vegetable soybeans in addition to producing organic, GMO-free seed for food grade 
corn and soybeans. 

Equally important to our production is our marketing strategy; it reflects our product 
diversity, our small size and our customer's desire for local and sustainable production. 
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We must add value on-farm to be economically viable. We do this by making our 
products organic and grassfed, by selling about 90% directly to the final user, and by on­
fann processing. We process our own poultry, pack our eggs and vegetable soybeans, 
condition our seed, and grind our grains into poultry feed. 

On average, our sales growth is 10-20% each year, on par with the general growth rate of 
the $30 billion nationwide organic industry. Our markets are local and regional, and our 
minimal impact on the environment is very important to us and our customers and a 
major selling point for our products. 

To understand how we manage our nutrients and guard against nutrient pollution, I will 
briefly describe our fanning philosophy and specific practices, and comment on my 
experience with existing programs. 

We view half of our fann as living above the ground and the other half as living in the 
soil. We begin constructing our fanning system around the long tenn sustainability of 
the soil. 

For example, when we took over the com-soybean fields at the Frederick fann, a three 
foot wide by one and a half foot deep erosion gul!ey cut through the center of the fann, 
having formed that season. That fall we filled it in by disking. Then we began our 
rotations, smaller field sizes, and contour fanning. Erosion has never returned to the 
fann, despite the fact that all of our soils arc classified as highly erodable. 

We are trying to produce a soil with rich biological activity, good tilth and soil structure, 
good water holding capacity, good aeration, and the appropriate amount of available plant 
nutrients. In general, adding organic matter to the soil and minimizing tillage are good 
ways to achieve these characteristics. 

Our soil building program is based on crop rotations, cover crops, animal rotations, and 
minimal off farm inputs. We have an 8-12 year rotation that includes alfalfa/grass hay, 
pasture, com, soybeans, and barley. Our rotations are interspersed with cool weather 
cover crops of rye grain or barley with hairy vetch, and warm weather crops of sorghum 
and sorghum/sudangrass and cowpeas. Often these crops are planted no-till into previous 
crops or directly into perennial hay or pasture. 

Except for our corn and beans, we rely on multiple species plantings to take advantage of 
each species unique strengths in foraging for nutrients which ultimately can be recycled 
from that crop's organic residue and made available for the next crop to use. Multiple 
species plantings generally create more total biomass by occupying different ecological 
niches or layers in the growing area, thereby providing good ground cover for erosion 
control and increasing organic matter retumed to the soil. 

Our small field sizes of 7-15 acres allow us to tailor our fertility practices to the lay of the 
land and its specific nutrient needs. We add high calcium agricultural lime every 3-7 
years depending on need. We add potassium sulfate and soft colloidal rock phosphate 
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less frequently, as needed in specific fields. Once or twice every 8-12 years, a field may 
be amended with 2 tons per acre of off-farm poultty litter ahead of planting corn. With 
the exception of the poultry litter, all these sources of off farm nutrients are slow release, 
not highly water soluble, and pose very little risk of polluting our waters. Soon we hope 
to add nutrients through on-farm composting made from local food scraps, off-farm 
poultry litter, and wood chips. 

Our nitrogen is supplied both through growing and incorporating legumes (alfalfa, vetch, 
clover, soybeans, field peas, cowpeas), incorporating organic plant residues from 
previous crops, and roots sloughed off after each hay cuttings-usually five times each 
season. Other sources of nitrogen are derived from earthwonns and other macro and 
micro biological activity in the soil, and manure from rotational grazing of beef and 
poultry. 

Of our nitrogen sources, the animal manure has the most potential for nutrient pollution. 
We try to manage our livestock so that manure does not accumulate in one place, has a 
chance to decompose quickly, and surface run off is readily absorbed into soil covered 
with vegetation. 

We have no streams running through our farms. We have only 80 head of cattle and a few 
hundred chickens on about 150 acres of cultivated land. 

We also use grassed waterways and still fann our fields on the contour. In addition we 
have grassed buffer zones (25-50 feet wide) to separate our farm from neighboring non­
organic fannland. 

To prevent manure build up, feed and water is constantly moved. Mobile pens without 
floors move the poultry across the pastures. Hay for our beef is unrolled on the ground in 
constantly changing locations or fed from feeder wagons constantly moved. In non­
freezing weather, our watering system is mobile. Our beef are never fed grain and are 
never brought inside (except for a sick animal), so we do not accumulate manure piles. 

Our fanning system lacks certain characteristics, prevalent on many farms today, some of 
which if not carefully managed, can increase the risk of nutrient pollution: 

We are not a highly concentrated confined animal feeding operation centralizing 
the accumulation of manure on a land base that cannot produce enough feed for 
all of its livestock. 

We do not specialize in primarily one type of production, such as livestock, cash 
grains or fiber, forages, vegetables, or perennials. 

We do not rely primarily on off-fann water soluble fertilizers to supply nutrients 
to our plants. 
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We do not have very large fields with short 2 year rotations ofmonoeultures, such 
as com-wheat-beans. 

We do not produce for a commodity or export market. 

We do not lose the identity of our product as it is marketed. 

Let me emphasize that American agriculture is very varied, and that diversity is a 
tremendous strength that should be preserved. Because there is no one model that should 
apply to all fanns, our national policy and programs should have the flexibility to 
accommodate our legitimate differences. I like to call this the multiple models approach. 

To the extent that fanning systems similar to ours are desirable for reducing nutrient 
pollution, our Federal programs should be examined to determine if they are structured 
properly to provide support and incentives for other fanns to adopt these practices. From 
my experience, some restructuring may be needed. Let me explain. 

Because our farm is different in many ways from the majority of America's fanns, we 
often do not easily meet the eligibility criteria for the programs created to reduce nutrient 
pollution and encourage conservation. This is both a problem and an opportunity. The 
problem is most existing programs do not provide a strong incentive to adopt 
comprehensive approaches that inherently prevent nutrient pollution-most programs go 
after specific practices only, not complete systems. 

The opportunity is to promote new programs tailored to the regional nutrient reduction 
needs of our nation's farms. For example, in 2008 Congress created the Chesapeake Bay 
Watershed Initiative to help farmers address nutrient runoff. It is so important to farmers 
that Congress continue and expand this program. I talk with many other farmers who feel 
the responsibility and pressure from their states to address these nutrient problems for the 
Bay, but they are very anxious about being able to afford new mandates and uncertain 
about the availability of future funding. These farmers need help to accomplish the 
states' requirements for reducing nutrient pollution. At the same time the states need 
flexibility to work with their farmers to achieve these nutrient pollution reduction goals. 
One area in particular where the states could use more flexibility is in the allocation of 
technical assistance funds to the areas and through the programs that will have maximum 
impact on reducing nutrient pollution. Right now these technical assistance funds can 
only be used through EQIP, the Environmental Quality Incentives Program. 

Finally, I want to comment on what nutrient pollution reduction approaches have been 
most helpful to me and what approaches could use improvement. 

On-fann research in collaboration with research personnel has always proved to 
be the most successful approach to improving our fertility decisions without 
increasing nutrient pollution. The on-farm research can be made most effective 
when dissemination of results to other fam1s is combined with onsite technical 
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assistance from the research, extension, and conservation community. In these 
times of budget constraint, I think the argument can be made that it is far less 
expensive to prevent nutrient pollution than remediate its ill effects. 

I have found that market forces are an extremely effective incentive in increasing 
the farmer's economic bottom line for providing ecological services to his locality 
or region. Bringing consumers and fanners together or allowing for some 
identity preservation of farm products provide the ultimate and direct 
accountability between agriculture and our local and regional environmental 
preservation efforts. Our State Department of Agriculture has advanced such 
efforts as farmer's markets, Maryland's Best Label, defining "local production," 
and administering the Organic Certification Program and labeL 

Providing assistance to plant cover crops is an excellent approach to recycling 
nutrients. However, states could explicitly provide more flexibility in such areas 
as: planting multiple species, using new innovative species, setting earlier and 
later planting dates, exploring summer covers. Maryland has made great strides 
in some of these areas, but more could be done. 

Providing assistance to farmers who are responsibly managing their soil and 
nutrients but who want to make further improvements is an excellent approach. 
The Conservation Stewardship Program (CSP) attempts to move in this direction, 
but when I applied I found that from the national level the program had built in 
biases that did not fit my fanning model and that of many other organic and 
sustainable fanners. The CSP strongly favors no-till planting and does not easily 
accommodate operations that rotate animals and annual crops over the same 
ground. While our state scored our farm in the highest possible tier and awarded 
us a grant, or grant tenns restrict our pasturing and crop options. 

Because our farming system does not accumulate large amounts of nutrients that 
can easily enter our water ways, filing our Nutrient Management Plan once every 
three years with annual updates has not resulted in our changing any of our 
practices. The State should provide the flexibility to require some operations, in 
the absence of major changes, to file a new plan once every five years with annual 
updates. This change could save time, money and staff resources, which could be 
redirected to onsitc technical assistance. 

Other than through the cover crop program, our fan11 has never received 
assistance under EQIP, the Environmental Quality Incentives Program. Perhaps 
that is our fault, but somehow the criteria just never seem to fit well with our 
circumstances. As one district conservationist said after we walked the entire 
farm together, "There are no environmental benefits to be derived from this 
farm." He enlightened me by saying our fann did not have any recognizable 
environmental problems. I am encouraged by some recent EQIP initiatives that 
are designed to provide incentives to move toward environmentally sustainable 
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practices without first having to demonstrate the prevalence of less sustainable 
practices. 

l applaud the effort of this subcommittee to work with family farmers to help them 
remain profitable while increasing their ability to effectively manage their nutrients. 
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Senator CARDIN. Thank you very much for your testimony. 
Mr. Hawkins. 

STATEMENT OF GEORGE S. HAWKINS, GENERAL MANAGER, 
DISTRICT OF COLUMBIA WATER AND SEWER AUTHORITY 

Mr. HAWKINS. Subcommittee Chair Cardin, Ranking Member 
Sessions, my name is George Hawkins. I am the General Manager 
of D.C. Water. I am delighted to be here today. 

I want to point out first I am delighted to have D.C. water right 
here at the table. We have been trying to persuade the House, on 
the other side, to give up water bottles, to use our water. It is a 
good way to save money and we deliver you clean, fresh water 
every day. 

I am delighted to be here, Senator Cardin. I don’t know if you 
remember the very first event I held in D.C. 5 years ago, when I 
came to run the D.C. Department of Environment, was a clean-up 
grant you helped get for Marvin Gaye Park, for one of the tribu-
taries of the Anacostia River. Actually, it was before my first day, 
coming here back to D.C. Delighted to see you again. 

I want to say three things today. One, tell you a little bit about 
D.C. Water; two, tell you about the three projects we are under-
taking to reduce nutrients that at scale dwarf anything you have 
heard; and three, tell you some of the lessons we have learned. 

First, about D.C. Water. D.C. Water takes water from the Poto-
mac, it is actually a Federal agency that cleans it, where 75 per-
cent of the water from that agency comes to us, almost all of their 
funding is from D.C. Water ratepayers. We deliver that water to 
you, including what is right here. Once that water is used, it comes 
back down the drain and back to us, we cleanse it and it goes back 
to the Potomac. It is a true recycling system of massive scale. Most 
do not know the scale of what authorities like mine do at every mu-
nicipality around the Country. 

To give you a sense, tomorrow morning I will present to our 
board a proposed budget for 2013. Our operating budget is $456.8 
million for one fiscal year. Our capital budget is $606 million for 
one fiscal year. That is $1.1 billion for Fiscal Year 2013 for Wash-
ington, DC. metropolitan area. 

Many of the people in this room are ratepayers of D.C. Water. 
You have paid a 40 percent rate increase over the last 3 years, pro-
jected 10 percent more for these costs. What are we doing with this 
money? 

The first project is called the Long Term Control Plan. We call 
it Clean Rivers. We will be building tunnels as big as this room, 
from here to the ceiling, 100 feet below your feet to capture over-
flow that otherwise would go to the Anacostia, to Rock Creek and 
the Potomac. Over 3 billion gallons will be captured in most cal-
endar years, eliminating overflows from 82 in the average year to 
2. The cost of that project is $2.6 billion, paid for primarily by D.C. 
ratepayers. 

The second project is to enhance nitrogen removal. That is the 
next stage for the Chesapeake Bay. The only jurisdiction of the six 
plus the District of Columbia that met the 2000 and 2010 goals for 
the Chesapeake Bay was the District of Columbia. D.C. met it be-
cause D.C. Water met its goals, because we are literally the only 
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big discharger in the District of Columbia, and we are the largest 
single discharger in the entire Chesapeake Bay. 

To give you a sense of costs, between 1985 and 2000, we reduced 
5.6 million pounds of nitrogen at the cost of $16 million. From 2000 
to 2010, we reduced an additional 3.5 million pounds of nitrogen 
for $100 million. From 2010 to 2015, we will reduce another 
600,000 pounds of nitrogen for $900 million, the project we are 
doing today. So from about 6 million pounds for $20 million, it is 
600,000 pounds for $900 million. It costs us 45 times more at the 
margin to reduce nutrients from wastewater treatment today than 
it did 40 years ago, because of the success we have engendered. But 
we are at the cost margin. 

The third project is our digester. We are taking the solids that 
we are removing from wastewater, including that from this build-
ing and every building in the vicinity, including Montgomery, 
Prince George’s, Loudon, Fairfax and Arlington in Virginia and 
Maryland to the largest advanced wastewater treatment plant in 
the world, which is Blue Plains. Senator Cardin, I think you will 
visit us next week when we kick off the Clean Rivers project. And 
we are spending $450 million to take those solids and to build the 
largest thermal hydrology project in the world, the first in North 
America, that will generate 13 megawatts of clean power, which 
would permanently power 8,000 homes with electricity. That is a 
project that kicked off earlier in the spring. 

That is three projects. What are our messages? First, our indus-
try is green. We are often called polluters, but we don’t generate 
pollution. This is everybody else’s pollution that is sent to us that 
we cleanse on your behalf. And over the last four decades, there 
has been no sector that has done more to clean the rivers of this 
Country than the wastewater treatment authorities, or I say Water 
reclamation authorities. 

Second, we won’t win if we continue just focusing on water au-
thorities. We are the largest discharger in the Chesapeake Bay 
with a total of 2 percent of the nutrient load. If you add zero from 
Blue Plains, 98 percent would still be there. And that is at the cost 
of $900 million. 

Three, there are very high costs at the margin; $900 million for 
600,000 pounds of nutrients, we are doing the same thing, getting 
tighter and tighter and tighter with higher and higher costs. 

The flexibility to trade, which is my fourth point, we can figure 
out flexibility, you can imagine saving our ratepayers, which in-
cludes most of the people in this room, a significant amount of 
money by reducing the cost, we could trade that money to farm 
fields where reductions could be gained, you could have farmers 
with the revenue stream, we could save our ratepayers. And my bet 
is we reduce the amount of nutrients going into the Chesapeake by 
margins, factors of 10 over what we get from just making smaller 
and smaller reductions. 

And fifth, the jobs in our industry don’t go anywhere. Senator 
Sessions, if you asked how many jobs are in our industry, I say all 
of them. You can’t open a building, a restaurant, a hotel, a manu-
facturing facility, no enterprise can function without the services 
we deliver. And the investment that you make as Federal dollars 
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into projects like this, in my judgment, are the best single dollar 
you will ever spend. 

Thank you very kindly. 
[The prepared statement of Mr. Hawkins follows:] 
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Good afternoon Chairman Cardin, Ranking Member Sessions and members of 

the Subcommittee on Water and Wildlife. My name is George Hawkins and I am the 

General Manager of the District of Columbia Water and Sewer Authority- also known 

simply as DC Water. I'd like to thank you for inviting me to testify today on the 

advanced innovative projects that DC Water is implementing right in the backyard of 

our nation's capitol. 

Introduction 

First, by way of background, DC Water purchases treated drinking water at 

wholesale from our federal partner, the Washington Aqueduct, which is a unit of the 

U.S. Army Corps of Engineers. We then deliver this water through our pumping 

stations and pipes to our retail customers in the District of Columbia - including this 

very building. We also operate the world's largest advanced wastewater treatment 

plant, at Blue Plains, for the benefit of our customers in the District and several 

suburban jurisdictions. We serve more than two million customers in the metropolitan 

Washington, D.C., area. 

I preside over a 1,000-strong workforce charged with maintaining and upgrading 

a labyrinthine underground system of pipes and valves. To maintain this network in 

the face of significant economic pressures, declining consumption, stricter 

environmental mandates, and a customer base that may be unfamiliar is an awesome, 

humbling challenge. Yet, DC Water is committed to rise to meet today's challenges and 

plan for tomorrow. We will continue to aggressively pursue federal investment with 

our regional congressional delegations and national industry partners as we advocate 

for shared responsibility for the clean-up of the Bay. In addition, we are currently 

rolling out three major projects: the Clean Rivers Project, the Enhanced Nutrient 

Removal Project and the Digester Project. All three projects will reduce nutrients 

discharged into our local waterways, the Anacostia River, the Potomac River, Rock 

Creek and ultimately the Chesapeake Bay. 
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Selected Environmental Projects: 

Clean Rivers Project 

Along with other cities, the District of Columbia faces the problem of how to fix 

combined sewer overflows (CSO), which happen when heavy rain events overwhelm a 

system designed generations ago. The nationally accepted solution and one we have 

adopted, is to build a huge network of tunnels to hold the combined stormwater and 

sewage until the storm passes and sends it to our treatment plant. Our agreements with 

the federal government require the design, construction and implementation of various 

activities and a Long Term Control Plan to be completed by 2025 at a cost of nearly $2.6 

billion. These mandated activities are designed to substantially decrease the number of 

over.flows into the local waterways that ultimately flow into the Bay. On average there 

are approximately 82 overflow events per/ year. The Clean Rivers Project is designed to 

reduce these overflows to 2 events per/year capturing 96 percent of the CSO. Further, 

there will be a reduction of combined-sewer runoff to the Anacostia River by 98 percent. 

We have already implemented measures such as tide gates, pumping station 

improvements, inflatable dams, and screens that filter debris-which have reduced 

combined sewer overflows by 40 percent. 

Also, we are promoting the use of green infrastructure (rain gardens, green roofs 

and bioswales along streets) to reduce CSOs throughout the District but specifically in 

the Potomac and Rock Creek watersheds. Green infrastructure provides additional 

community benefits such as cooler temperature streets, increased economic activity, 
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energy savings and neighborhood revitalization. As evidenced of our commitment, we 

will undertake a major pilot program of demonstration projects totaling nearly $30 

million to evaluate the opportunities of substituting "gray for green" in the Rock Creek 

and Potomac watersheds. 

The Enhanced Nutrient Removal Project 

Wastewater treatment plants represent 19% of the nitrogen going into the Bay. 

Blue Plains Wastewater Treatment Plant is the single largest point source of nitrogen to 

the Chesapeake Bay. We account for 9.5% of the 20% attributed to wastewater 

treatment plants (1.8% of the total Nitrogen going to the Bay). 

We have long been committed to reducing our effluent nitrogen load. Blue 

Plains was the first wastewater treatment plant in the Chesapeake Bay watershed to 

meet its program goals and has met or exceeded them since 2000. The first major step 

was a voluntary goal program to reduce nitrogen from the plant from 14.1 million 

pounds/ year, a 40 percent reduction from 1985 levels, at a capital cost of over 16 million 

dollars. The 'best efforts' 8.5 million pound voluntary goal was eventually formalized 

in the NPDES Permit. By 2010, continuing under a voluntary program beyond any 

commitments made external to the District of Columbia, DC Water had further reduced 

effluent nitrogen to about 5 million pounds/year at an additional $100 million capital 

cost. Thus, for a capital cost of approximately $16 million, DC Water under a voluntary 

program was able to reduce effluent nitrogen by more than 9 million pounds/year. 
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In2009, the USEPA issued an NPDESPermit to DC Water for Blue Plains AWTP 

requiring a further reduction in effluent nitrogen to 4.4 million pounds/ year. The 

design of the next generation of nitrogen removal the Enhanced Nutrient Removal 

Program (ENR) is complete and construction started. We broke ground in early 2010. 

This project will allow Blue Plains to meet the NPDES Permit requirements that will go 

into effect in January 2015 for nitrogen, as it already does for phosphorus. This 

reduction of approximately 600,000 pounds of nitrogen, a 2% reduction in the WWTP 

nitrogen load to the Bay (0.4% reduction of total N), and conversion from a 'best efforts' 

voluntary goal to a permit requirement will incur a capital cost of $900 million to rate 

payers. The project is slated for completion in July 2014 and will operate in conjunction 

with the Clean Rivers Project. 

The Digester Project 

DC Water will soon be the first utility in North America to use thermal 

hydrolysis for wastewater treatment, and when completed, Blue Plains will be the 

largest thermal hydrolysis plant in the world. The carbon and nitrogen collected during 

the ENR project will be used to produce green energy and a high quality soil product. 

The thermal hydrolysis and digestion processes convert a portion of the organic matter 

into electric energy while producing with the remainder a valuable, nutrient rich soil 

amendment. Using thermal hydrolysis and anaerobic digestion together will generate 

power to operate half the needs of the plant. Analysts estimate the power generation at 

approximately 13 megawatts, enough to continuously supply 8,000 homes with 
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electricity. This represents an enormous cost savings to the plant- $10 million annually, 

which is as much as one third of our electricity costs on an operation that runs every 

day of the year for 24 hours a day. 

In addition to the production of clean, green renewable power, the new process 

reduces the amount of the remaining solid material to be recycled by more than 30 

fewer trucks each day, or nearly 2,000,000 truck miles per year, and reduces truck 

emissions and gasoline costs. Together with the green energy, these benefits will 

dramatically decrease the Blue Plains carbon footprint by approximately 50,000 tons 

per/ year. Since Blue Plains is the largest consumer of electricity in the District, this 

project will in turn have a dramatic effect on the carbon footprint of Washington DC. 

DC Water will use the high quality soil amendment produced from the digesters for 

tree planting, landscaping, green roofs and LID projects, greening the city, sequestering 

carbon, and helping to reduce runoff to the Bay. 

The price tag of the complete project is about $400 million, with annual savings 

of approximately $25 million. The project is scheduled to begin operations in early 2015 

Once underway, we will have options to run our city buses with biogas, cut the plant's 

electric bill by 1/3 saving ratepayers substantial increases per year, trade green credits 

on the open market and sell the Class A biosolids at any home retail stores. All of this 

from carbon and nutrients generated by all of us in the DC Water service area, and 

collected in an effort to restore the Chesapeake Bay. Many eyes will be watching, as 

leaders in the U.S. water sector eagerly await the results of DC Water's undertaking. 
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This energy recovery model can be replicated in many states and municipalities across 

the country. 

Summary 

In summary, we have three enormous initiatives underway designed to help 

restore the Chesapeake Bay and push our profession toward sustainability. The Clean 

Rivers ($2.6B) and the Enhanced Nutrient Removal ($900M) projects are mandated by 

consent decree and permit, while the Green Energy Digestion Project ($400M) is 

discretionary. These projects demonstrate DC Water's commitment to the goal we all 

strive toward- a healthy Chesapeake Bay. 

Chairman Cardin, members of the Subcommittee, this concludes my prepared 

remarks. Thank you again for the opportunity to testify, and I look forward to 

answering any questions you may have. 
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Senator CARDIN. Thank you very much for your testimony. We 
appreciate it very much. 

Mr. Budell. 

STATEMENT OF RICHARD J. BUDELL, DIRECTOR, OFFICE OF 
AGRICULTURAL WATER POLICY, FLORIDA DEPARTMENT OF 
AGRICULTURE AND CONSUMER SERVICES 

Mr. BUDELL. Thank you, Chairman Cardin, Ranking Member 
Sessions. Good afternoon. 

I am not here today to question the existence of nutrient pollu-
tion problems facing the Nation and the State of Florida. We have 
impacted water bodies in Florida. We are working very hard to ad-
dress them, just like all of the sources are and the stakeholders are 
working together in the Chesapeake, to address the issues facing 
the Bay. 

The question from Florida’s perspective today is not whether 
there is a nutrient pollution problem, but whether the Federal Gov-
ernment is justified in hand selecting one State in the Nation on 
which to impose Federal regulations. From our perspective, that is 
the bottom line. Florida doesn’t view this action as a partisan 
issue. You are correct, Mr. Chairman, the story started with EPA 
under the leadership of the previous Administration. 

However, the current Administration continues to embrace the 
previous Administration’s decision in Florida while making the op-
posite decision in other States. 

In EPA’s own words, ‘‘Florida has developed and implemented 
some of the most progressive nutrient management strategies in 
the Nation.’ EPA further recognizes that Florida has collected sig-
nificantly more water quality data than any other State. One-third 
of the entire national water quality data base the EPA has origi-
nates from the State of Florida. 

Florida was the first State in the Nation to implement com-
prehensive urban stormwater management regulations. Our treat-
ed wastewater re-use program is a model for the rest of the Coun-
try. Our agricultural best management practices program is a crit-
ical component of our overall resource management. 

By targeting our efforts, Florida has made significant progress in 
nutrient reduction. Tampa Bay, Sarasota Bay enjoy sea grass popu-
lations now not seen since the 1950’s. Lake Apopka, a freshwater 
lake, west of Orlando, phosphorus levels have been reduced by 56 
percent, water clarity increased by 54 percent. 

Despite these glowing reviews from EPA and Florida’s dem-
onstrated commitment, EPA, in direct response to litigation deter-
mined in January 2009 that Florida had not done enough and man-
dated the development of numeric criteria within 1 year. Again, as 
I said, that determination was made under the leadership of the 
previous Administration. 

But when presented with the same circumstances from Mid-
western States facing similar challenges with nutrient pollution as 
evidenced by the often talked-about dead zone in the Gulf of Mex-
ico, EPA’s current leadership declined to make the same deter-
mination. They declined to determine that those States needed nu-
meric criteria to deal with the dead zone. That left Florida as the 
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lone State in the Nation to face the imposition of costly Federal nu-
meric criteria. 

After determining that Florida needed to develop the criteria, but 
before the expiration of the 1-year deadline, EPA entered into a 
settlement agreement with the plaintiffs with no notice to Florida 
whatsoever and agreed to a schedule for Federal rule adoption; re-
neging on the time line contained in the original determination and 
essentially usurping our efforts to develop our own standards. EPA 
finalized those criteria last December. 

This takeover of Florida’s criteria development process was fur-
ther aggravated by the content of EPA’s rule. The methods used by 
EPA to develop its rules are inconsistent with the advice of its own 
science advisory board. EPA compounded the situation by improp-
erly applying the methods it did use. As a result, in many cases 
the rule would deem perfectly healthy waters impaired in Florida. 

That was just too much for us to deal with. The day after EPA 
finalized those regulations, Florida’s attorney general and the Com-
missioner of Agriculture filed a complaint in Federal court, chal-
lenging the Federal rule. Subsequently, over 30 additional entities, 
both public and private, have filed complaints in Federal court cit-
ing the same shortcomings. 

Florida believes strongly that any nutrient reduction strategy 
should focus on measurable environmental improvement while opti-
mizing the use of public dollars and avoiding costs. In the preamble 
to their rule, EPA admits they were unable to find a cause and ef-
fect relationship between nutrient concentration and biological re-
sponse for flowing waters like streams and rivers. In the absence 
of that cause and effect relationship, there can be no guarantee 
that the high costs spent to reduce nutrient concentration in a 
stream or river will result in any measurable improvement in the 
biological condition of that stream or river. 

It is important to recognize, as Shellie said, that nitrogen and 
phosphorus are naturally occurring. They are necessary for the nor-
mal biological productivity that occurs in every water body. Deter-
mining when too much is present, that is the difficult goal. 

Florida believes it is very important to link nutrient concentra-
tion with an assessment of biological health of the water body be-
fore requiring the implementation of costly nutrient reduction 
strategies. Without this linkage, implementation of the EPA cri-
teria would have Florida businesses, wastewater and stormwater, 
utility ratepayers, and food producers spending time and money at-
tempting to reduce nutrient concentrations in some cases to levels 
below natural background. 

Because so many other factors affect nitrogen and how it cycles 
in the ecosystem and phosphorus, Florida believes the standards 
are best determined on a site-specific basis. 

Inclosing, Florida believes that Florida is best positioned to as-
sess the health of its waters and associated water quality criteria 
for their protection and restoration. We believe that our track 
record for the implementation of progressive and successful pro-
grams is second to none. In fact, we have developed nutrient rules 
that address all of the shortcomings of EPA’s rule and avoid unnec-
essary costs, and complete the tasks that the State originally set 
out to accomplish before Federal intervention. 
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Florida is poised to adopt its own numeric criteria if only EPA 
would cease Federal rulemaking. These dual rulemaking activities 
in Florida serve no public good, create intense legal and political 
conflict and significantly hamper environmental protection and res-
toration efforts. Florida has earned the right to exercise the author-
ity envisioned by the Clean Water Act to develop its own water 
quality standards and implement them through an EPA-approved 
and predictable process governed by existing State law. 

Thank you. I would be happy to answer any questions. 
[The prepared statement of Mr. Budell follows:] 
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Written Testimony of 
Richard J. Budell 

Director, Office of Agricultural Water Policy 
Florida Department of Agriculture and Consumer Services 

As submitted to the 
U.S. Senate Committee on Environment and Public Works 

Subcommittee on Water and Wildlife 
October 4, 2011 

Chairman Cardin, Ranking Member Sessions and Committee members: Good 

afternoon: my name is Richard Budell. I am the Director of the Office of 

Agricultural Water Policy in the Florida Department of Agriculture and Consumer 

Services. I have been involved in the development and implementation of 

agricultural water resource protection and restoration programs in Florida for 26 

years. I have chaired the Scientific Advisory Group for the Everglades and 

Florida's Pesticide Review Council. I have advised Florida's Governor and 

Department of Environmental Protection on issues ranging from the protection of 

Florida's coastal waters and estuaries to the designated use classification of 

Florida's surface waters. I recently concluded service on a National Research 

Council Committee evaluating the nutrient reduction strategies being employed 

to improve water quality in the Chesapeake Bay. I am pleased to have the 

opportunity to share with you my Department's perspective on key aspects of the 

U.S. Environmental Protection Agency's (EPA) final Numeric Nutrient Water 

Quality Criteria for Florida Springs and Inland Waters that were adopted this past 

December. 

I am not here today to question the existence of nutrient pollution problems 

facing this nation and the state of Florida. We do have impacted and impaired 

water bodies in Florida and we are working hard to address them, just as EPA and 

the states around the Chesapeake are working hard to address nutrient pollution 

in the Bay. The question is not whether there is a nutrient pollution problem, but 

whether the federal government is justified in hand-selecting one state in the 

nation on which to impose federal regulations that impart costs on all 
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households. Florida does not believe that EPA's actions represent a partisan 

issue. This story started with EPA under the leadership of the previous 

administration. However, the current administration continues to embrace the 

previous administration's decision in Florida, while making the opposite decision 

in other states. 

In the EPA's own words, "Florida has developed and implemented some of the 

most progressive nutrient management strategies in the Nation." Florida is one 

of the few states that has implemented a comprehensive framework of 

accountability that applies to both point and non-point sources and provides 

authority to enforce nutrient reductions. The EPA has also acknowledged that 

Florida has placed substantial emphasis on the monitoring and assessment of its 

waters and, as a result of this commitment, has collected significantly more water 

quality data than any other state. Greater than 30% of all water quality data in 

the EPA's national water quality database comes from Florida. 

Florida was the first state in the nation to implement comprehensive urban storm 

water management regulations. Florida's treated waste water reuse program is a 

model for the rest of the country. Our agricultural Best Management Practices 

program is firmly rooted in state law, is backed by sound science and is a critical 

component of Florida's overall water resource management programs. These 

practices have been implemented on over eight million acres of agricultural and 

commercial forest lands in Florida. 

By targeting its efforts and resources, Florida has made significant progress in 

nutrient reduction and water resource restoration. Examples range from Tampa 

Bay, where sea grasses have returned to levels not seen since the 1950s and now 

cover 30,000 acres, to Lake Apopka, where phosphorous levels have been 

reduced by 56% and water clarity increased by 54%. 

Despite these glowing reviews and Florida's demonstrated commitment to water 

resource protection and restoration, EPA, in response to litigation, "determined" 

in January of 2009 that Florida had not done enough and mandated the 

promulgation of numeric nutrient water quality criteria within one year. Again, 
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that determination was made under the leadership of the previous 

administration. When presented with the same circumstances for Midwestern 

states facing similar challenges with nutrient pollution, as evidenced by the often­

talked-about dead zone in the Gulf of Mexico, EPA's current leadership declined 

to take such action. This left Florida as the lone state in the nation to face 

imposition of very costly federal environmental regulation. 

After determining that Florida needed to develop numeric criteria, but before the 

expiration of the one-year deadline, EPA entered into a settlement agreement 

with the plaintiffs and agreed to a schedule for federal rule adoption, reneging on 

the timeline contained in its previous determination and usurping Florida's 

ongoing efforts to develop its own standards. EPA subsequently set criteria for 

Florida in December of 2010. 

This takeover of Florida's nutrient criteria development process was further 

aggravated by the content of EPA's rule. The methods used by EPA to construct 

its rules are inconsistent with its own guidance documents and the advice of its 

Science Advisory Board. EPA compounded this situation by improperly applying 

the methods it did use. As a result, in many cases the rule would deem healthy 

waters as impaired. In response to these issues, Florida Attorney General Pam 

Bondi and Commissioner of Agriculture Adam Putnam filed a complaint in federal 

court challenging the rule. More than 30 other entities, both public and private, 

have subsequently filed similar federal complaints against the EPA and their 

Florida numeric nutrient criteria, citing the same shortcomings. 

Florida believes strongly that any nutrient reduction strategy should focus on 

measurable environmental improvement, while optimizing the use of public 

dollars and avoiding costs that have no environmental benefit. In the preamble to 

its rule, EPA admits that it was unable to find a cause-and-effect relationship 

between nutrient concentration and biological response for flowing waters, like 

streams and rivers. In the absence of that cause-and-effect relationship, there 

can be no certainty that the money and human resources devoted to reducing 
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nutrient content in a stream or river will result in any measurable improvement in 

the biological condition of that stream or river. 

It is important to recognize that nitrogen and phosphorous are naturally occurring 

and are necessary for the normal biological productivity of water bodies. 

Determining when too much human-induced nitrogen or phosphorous is present 

is difficult. Therefore, Florida believes that it is very important to link numeric 

criteria with an assessment of the biological health of a water body before 

requiring the implementation of costly nutrient-reduction strategies. Without 

this linkage, implementation of the EPA criteria would have Florida citizens, 

businesses, waste water and storm water utility rate payers and food producers 

spending time and money attempting to reduce nutrient concentrations in some 

cases, to levels below natural background. Because so many other natural factors 

(e.g., stream size and velocity, light penetration) affect how nutrients impact 

ecosystems, Florida believes that nutrient management decisions are best 

determined on a site-specific basis using biological indicators, rather than by 

applying generic criteria that may bear little relationship to natural conditions. 

In all estimations, implementation of numeric criteria is an expensive proposition; 

care must be taken to avoid unnecessary efforts that do not add measurable 

value to water resource protection and restoration. 

Cost is an issue around which there is considerable debate. EPA estimated the 

range of total costs to implement the Florida nutrient criteria at between $135 

million and $236 million annually. The Florida Department of Agriculture and 

Consumer Services, working in cooperation with the University of Florida Food 

and Resource Economics Department, estimated the implementation costs just 

for agricultural land uses at between $900 million and $1.6 billion annually. 

Preliminary estimates from the Florida Department of Environmental Protection 

peg the implementation costs for urban storm water upgrades alone at nearly $2 

billion annually. A study commissioned by a large coalition of Florida-based public 

and private entities estimated the total implementation costs at between $415 

million and $4 billion annually. The wide variability in this latter estimate is, in 
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part, due to not yet knowing the rule requirements. During EPA's rulemaking 

effort, the agency did not address implementation expectations. They remain 

unaddressed. 

From an agricultural perspective, I can tell you without question that virtually no 

sector of Florida agriculture can comply with the final EPA nutrient criteria 

without the implementation of costly edge-of-farm water detention and 

treatment. 

Florida is pleased that the EPA has agreed to request that the National Research 

Council convene a panel to review all of the economic studies and render an 

opinion on the likely costs of implementation. 

In closing, Florida believes that Florida is best positioned to assess the health of its 

waters and establish associated water quality criteria for their protection and 

restoration. We believe that our track record for the implementation of 

progressive and successful water resource management programs is one of the 

best in the country and demonstrates the commitment and determination to 

further its comprehensive program through the development and 

implementation of state-derived numeric nutrient criteria. In fact, Florida has 

developed draft nutrient rules that address all of the shortcomings of EPA's rule, 

avoid unnecessary cost impositions and complete the task that the state originally 

set out to accomplish before federal intervention. Florida is poised to adopt its 

own numeric criteria, if only EPA would cease federal rulemaking. These dual 

rulemaking activities in Florida serve no public good, create intense legal and 

political conflict and significantly hamper environmental protection and 

restoration efforts. 

Florida has earned the right to exercise the authority envisioned by the Clean 

Water Act to develop its own water quality standards, and implement them 

through an EPA-approved and predictable process governed by existing state law. 

Thank you. 
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Questions for Budell 

Questions from: 

Senator Barbara Boxer 

Environment and Public Works Committee Hearing 
October 4, 2011 

Follow-up Questions for Written Submission 

1. Your testimony criticizes EPA's approach in developing numeric criteria. However, isn't it true 
that many of the numeric standards developed by EPA are the same or even less stringent than 
standards proposed by the State of Florida in the fall of 2008? 

EPA's numbers are similar to those that had been developed by Florida. What's true is that where the 
numbers were not based on a cause and effect relationship between nutrients and waterbody health, 
Florida had proposed to link the numbers with additional measurements of the biological health to 
assure that proper decisions were being made regarding nutrient pollution. Including checks and 
balances regarding nutrient concentrations and biological health will assure that nutrient controls are 
implemented where necessary. Nutrient controls may be needed where nutrient concentrations are 
below the numbers, but the biological health indicates impairment. Conversely, nutrient controls may 
not be needed where concentrations are above the numbers, but the biological health indicates a 
healthy waterbody without impacts. In either circumstance, the proper decisions are made regarding 
the need for additional regulatory controls only if there is the linkage between numeric standards and a 
biological assessment of the water body. 

2. Your testimony states that "Florida is poised to adopt its own numeric criteria ... and has earned 
the right to exercise the authority envisioned by the Clean Water Act ... " 

Isn't it true that EPA's response to Florida's petition to withdraw the numeric criteria rulemaking 
made clear that EPA would withdraw its rulemaking if the State finalizes and implements its own 
rules. EPA's response stated, 

"The State was authorized by the CWA to adopt numeric nutrient water quality criteria 
before EPA's January 2009 determination, and has remained authorized ... lf FDEP adopts and 
EPA approves protective nutrient criteria to address the concerns underlying our determination 
and rule, and if such criteria enter into legal force and effect in Florida, EPA will promptly initiate 
rule making to repeal the corresponding federally promulgated numeric nutrient criteria." 

What's true is that Florida petitioned EPA to rescind their 2009 necessity determination and withdraw 
their rule based on the March 16, 2011 "nutrient management framework" memo from Nancy Stoner to 
all Regional Administrators. Florida clearly exceeds all of the 8 criteria included in that memo and asked 
the Agency to recognize that fact and place Florida back on a level playing field with the rest of the 
nation. EPA chose to respond to the petition by evading the request and down playing the significance 
of the March 16 memo. 
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What is also true is that EPA is subject to a settlement agreement, which they voluntarily entered into 
without consulting Florida, which contains fixed deadlines that would lead to parallel rulemaking in 

Florida by the State and Federal government. Parallel rulemaking at both levels is very time consuming 

and costly for the interests of Florida who then have to marshall resources to track two complicated rule 

development efforts, comment during the administrative processes, and interact with two completely 
different government Agencies with very different administrative procedures. 

3. In your testimony, you state that nutrient management decisions are best made on a site· 

specific basis, rather than by general criteria. 

Isn't it true that EPA's final rule allows the State to establish "site-specific alternative criteria" 

for individual water bodies that would substitute locally-developed nutrient standards for EPA's 

proposed numeric nutrient standards? 

What's true is that the final rule authorizes EPA to set site-specific alternative criteria through a petition 

process implemented by the Regional Administrator of EPA's Region 4 office. One petition was filed last 

March which has not been acted upon by the Region. No nutrient SSAC have been set anywhere in the 
nation by EPA and the rule provides little explanation on how such SSAC's would be developed and 

adopted. 

Questions from: 

Senator Benjamin Cardin 

1. At our recent hearing, you testified that the EPA's numeric nutrient standards are overly 

burdensome for the agriculture industry in Florida. Agriculture is Florida's second-largest 

industry, while tourism is Florida's largest industry. Is it possible that the cleaner water will 

result in a benefit to tourism, and that this benefit will outweigh any economic burdens? 

There is no evidence that Florida's tourism industry has been negatively affected by water quality issues. 
Florida has the most comprehensive and progressive water quality protection and restoration program 
in the country. [See the Florida Department of Environmental Protection's Petition to EPA at 
http:l/www.dep.state.fl.us/water/wgssp/nutrients/meeting-arch.htm. There are specific waterbodies 
where nutrient clean-up is desired, but the EPA rule will deem many healthy waters impaired. It makes 
no sense to require costly nutrient reduction efforts simply to meet a number as the EPA rule would 

require. 

2. Do you think a nutrient-trading program would be an effective way to manage and reduce 

nutrient pollution? Why or why not? 

Nutrient trading programs could be effective as long as the nutrient reduction is achieved in the same 
watershed in which the credit is generated. To protect a particular water body all credits and reductions 

must be achieved in the water shed that supplies runoff or groundwater to that water body. 

Questions from: 
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Senator James lnhofe 

1. Why is a single number for nitrogen or phosphorus usually not an accurate indicator of adverse 
ecological or water quality effects? Why do you believe EPA is continuing to press states to 
adopt a single, one-size-fits-all number? Is using a single-number approach scientifically sound? 

A single number for nitrogen or phosphorus is not an accurate indicator of ecological effect because 
many factors other than nitrogen or phosphorus concentrations impact the biological heath of a water 
body. Factors such as habitat, flow velocity, depth and light penetration are every bit as important to 
the biological diversity of a water body as the nutrient concentration of that water body. EPA prefers a 
single number for water bodies because it is an easier regulatory approach to implement. If you violate 
the number you are in violation ofthe standard. Unfortunately, such a simplistic approach is not 
reflective of the heterogeneity that Mother Nature provides us in the real world. The use of a single 
number, for all of the reasons stated above, is not scientifically sound. 

2. EPA "strongly believes that states should lead the effort" to reduce nutrient pollution, and EPA 
is "committed to finding collaborative solutions" and building "partnerships with states and 
collaboration with stakeholders." From your vantage point, and judging by EPA's actions, is EPA 
being "collaborative" and willing to let stats "lead the effort" in dealing with nutrient pollution? 
Why or why not? 

By entering into a settlement agreement with the plaintiffs to the original 2008 lawsuit, without any 
consultation with Florida, the EPA did not demonstrate a "collaborative" approach. Instead they 
pursued the current approach of finalizing nutrient criteria for Florida. Furthermore, the Federal rule­
making process was not transparent, nor receptive to the implementation concerns voiced by Florida 
stakeholders on several occasions. 

3. Why is using a "consensus" approach, where you have buy-in from the regulated community, 
important in developing standards and an overall water quality strategy for addressing 
nutrients? 

To be effective, water quality criteria must be implemented. To be implemented, the criteria must be 
based on sound science and be supported by the entities that must comply with them. Implementation 
is much more likely to succeed if those who must comply with the criteria are part of the process to 
develop them. Quite simply, every entity wants to know how they would be affected. 

4. On March 16, 2011, Nancy Stoner sent a nutrient management "framework" memo to EPA 
regions outlining "Recommended Elements of a State Framework for Managing Nitrogen and 
Phosphorus Pollution." When asked at a Congressional hearing as to whether EPA was 
intending on imposing Federal nutrient standards on any other states beyond Florida, EPA 
Administrator Lisa Jackson referenced this memo and indicated that if a state met these 
guidelines, the Agency would be unlikely to impose its own standards on a state. Does Florida 
meet these guidelines? In light of this, has the state asked EPA to withdraw its requirements 
and allow the state to resume moving forward on its own standards? What is EPA's response? 

Florida exceeds all of the elements of the Nancy Stoner "framework" memo. Based on the fact that 
Florida exceeds all of the criteria in the March 16, 2011 memo, Florida petitioned the EPA asking that 
they rescind their 2009 necessity determination and begin the process of withdrawing their rule 
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establishing nutrient criteria for Florida. In exchange, Florida committed to promptly develop and adopt 

state numeric criteria for submission to EPA for approval. EPA's response was to acknowledge that 

Florida had the right to develop its own criteria and to defer any decision on rescinding their necessity 

determination. In addition, they down played the significance of the "framework" memo which Florida 

believes is in direct conflict with Administrator Jackson's testimony. 

5. Was Florida consulted prior to the issuance of EPA's March 16, 2011, nutrients "framework" 

memo? How could EPA improve the "framework" memo to ensure that they are em pose ring 

states to tackle these issues in a scientifically sound way? 

Florida was not consulted on the content of the "framework" memo. What EPA does to change the 

"framework" memo is of little consequence when it appears that the memo will not be used to inform 

Agency decisions. EPA's response to Florida's petition succinctly stated that the memo would not be 

used to guide the Agency's decisions in our State. What would be more meaningful would be for EPA to 

embrace their memo and treat states as a true partner in efforts to control nutrient pollution, including 

the development and implementation of meaningful nutrient criteria. The EPA fails repeatedly to 

recognize that Mother Nature does not present the states with problems that match the EPA's idea of 

what water quality criteria should be. 

6. Can you describe examples of practices agricultural producers implement under Florida's 

agricultural BMPs program? Have these been shown to lead to reduced nutrient levels in 

Florida waterways? 

One of the most effective practices is the installation of water control structures that allow landowners 

to better manage the rate and timing of storm water movement across their property. Another 

effective practice is fencing along critical portions of waterways to exclude animals from entering 

streams or ditches. Both of these practices have been shown to decrease nutrient loads entering 

waterways. 

7. Is there anything else you would like to add to the record? 

Florida continues to be perplexed by the EPA's decision to treat Florida differently than all other states 

in the nation. The only conclusion that Florida can draw from this unprecedented action is that the EPA 

arrived at this decision strictly for the purposes of settling a lawsuit. No state in the nation has a more 

comprehensive water quality protection and restoration program. Why has the EPA continued to single 

out Florida as the only state in the nation where they have determined that it is necessary to adopt 

numeric nutrient criteria in order to satisfy the requirements of the Clean Water Act? 
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Senator CARDIN. Let me thank all five of you. I thought this 
panel was extremely helpful. I thank you for your testimony, and 
I said before, thank you for your patience. 

Mr. Buchsbaum, your numbers on the anglers I found to be very 
impressive. I would ask that whatever documentation you have of 
the potential economic damage to our communities as a result of 
nutrient pollution, I think it would be helpful. I know in the Chesa-
peake Bay how important the recreational and charter industries 
are for our economy. And I don’t know if there are any reports we 
have that demonstrate the economic losses. But if you have infor-
mation on that, I think it would be very helpful for us to get it. 

Mr. BUCHSBAUM. We would be happy to supply that. Of course, 
the information we have our charter boat captain, we have lost 100 
jobs already in Lake Erie, at least, and more to follow. 

Senator CARDIN. That is sad. But it is important that we under-
stand, this is not just about public health issues, it really has a di-
rect economic impact. 

Mr. BUCHSBAUM. We will provide more information. 
Senator CARDIN. Jobs are our key point right now. 
Ms. Chard-McClary, I appreciate your testimony. I appreciated 

your giving me one more example of Oklahoma that I can at least 
relate to. We had the same discussion on fracking. 

But the TMDLs seem to be working well in your State, from your 
testimony. As you point out, it is individually determined. So it is 
a tool that is used locally to help you deal with your issues. I liked 
your idea of too many calories. We all like calories, we all need cal-
ories. But when we have too many, it causes a problem. And the 
TMDLs is a pollution diet, that is exactly what it is. And it seems 
to be an effective tool. But again, it needs to be tailored to the indi-
vidual circumstance. 

Although the one in the Chesapeake Bay has gotten a lot of at-
tention, there are literally thousands of TMDLs that are working 
around our Nation that are all used in a way to deal with the local 
circumstances. 

Mr. Maravell, I must tell you, I found your testimony to be ex-
tremely exciting. The number of tools that you have used, the num-
ber of methods that you have used in order to manage the ENVI-
RONMENTAL risks of farming I found to be very encouraging. You 
understand that it is not going to be one simple method to deal 
with the challenges you have as a farmer. 

My question for you is this. You rightly so have developed a mar-
ket. I think a lot of consumers want to support your type of activi-
ties. They are willing to go out of their way to support products 
that are produced in an organic manner, because we want to par-
ticipate. Is there a cost that you pay on competition because of the 
way that you are farming that, if it were not for people wanting 
to buy organic, it could cause you a competitive problem in selling 
your products? 

Mr. MARAVELL. This is a question that comes up quite fre-
quently. What we do is, we don’t try to maximize our returns in 
any 1 year. We try to optimize them over the years, which is why 
our farming system is a little bit resilient in many different ways. 
One of the ways is, you have the vagaries of weather, but we also 
have the vagaries of circumstances in foreign lands and other 
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things that raise the cost of petroleum, for example. We rely less 
on that for our nutrients, basically not at all. So there are some 
years where we make out a little bit better and other years where 
we don’t. The research has shown that generally speaking, in drier 
years, the type of systems that I employ are going to do better. I 
can tell you that when there is drought assistance relief programs 
in our county, I can never qualify, because in the dry years, my av-
erage yields are above the county averages. 

The other thing I will point out is that some of our products 
would be considered to be priced a little bit higher than comparable 
products not produced with organic methods. And some of my prod-
ucts are marketed very competitively, and might even be consid-
ered below conventional. You say, well, how does that happen? 
Well, again, it is the vagaries of the marketplace, a little bit. But 
it is having the connection to the consumer Having that direct 
farmer to consumer connection allows certain efficiencies to come 
about. And because we market a variety of different products, we 
are able to cross-sel those products to people who come out to the 
farm, and as you say, want to support and want to participate in 
the type of farming that we do, and who want to enjoy the benefits 
of the Chesapeake Bay at the same time. 

Senator CARDIN. Farming is, someone has to have a real motiva-
tion to be a farmer today. It is not easy. And there is satisfaction 
with what you do with the land. It seems to me you must have an 
increased level of satisfaction, knowing that you are not only pro-
ducing a great product for the market, but you are doing it in a 
way that will help our future. Thank you for doing it. I appreciate 
it. 

Mr. Hawkins, just quickly if I might, very impressive testimony. 
The type of investments you have made are incredible, what you 
have been able to do. Thank you for the water, I drink it every day 
when I come to Washington. I appreciate that. And thank you for 
what you do under a very difficult environment. 

But you raise a very interesting point. I want to get back to the 
nutrient trading program one more time. We need to reach certain 
levels to get that marginal savings through the improvements to 
the way you treat waste. It is very expensive. Whereas if we could 
use some of the practices that Mr. Maravell uses, it is a lot less 
expensive, and municipalities are willing to, I would think, buy nu-
trient credits so that extra marginal $900 million cost, some of that 
can be saved and Mr. Maravell would like to have some of that 
money in his pocket for perhaps using seasonal crops. 

Mr. HAWKINS. I think you can’t help but look at the numbers. 
When my compatriot from the Department of Agriculture men-
tioned in the prior panel that there were $20 million committed in 
the Chesapeake Bay, a six-State area, that is a significant number. 
But just compare it to the $900 million that we will spend to re-
duce 600,000 pounds of nutrients. I don’t think there is any ques-
tion that you could spend $900 million a lot better than making our 
plant at the margin that much better, except, this is what we have 
always done. We know how to do it, we know where the regulation, 
where the point source, I hope you will come visit, Senator Ses-
sions. We would love to have you. I guarantee you would be fas-
cinated to see the scale of it. 
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But the notion that you could trade and get reductions where we 
know the larger sources are at lower cost, and achieve a better out-
come, and save urban ratepayers who are facing these skyrocketing 
bills all at the same time, it is an outcome that only has good po-
tential. So I encourage, I know you have, and I encourage you to 
keep at it. 

Senator CARDIN. It is clearly a win-win situation. I would hope 
that we could move, we think there is some authority within the 
agency to do this today. We have encouraged them to do it. But if 
they need extra help from Congress, I would hope that is one area 
that we could move forward on. 

Senator SESSIONS. Thank you. Very interesting panel, and I am 
glad we have an expert witness here. I don’t know if you are under 
oath, but this water is safe to drink and the taxpayers don’t need 
to buying bottled water for the people in Washington. 

Mr. HAWKINS. Hear, hear. You are exactly right. Thank you. 
Senator SESSIONS. I think you are correct, and I agree with you 

on that. 
Plus, in plastic, I always thought it rather odd that the people 

who attack the high price of gasoline were perfectly willing to go 
into a gas station and buy a bottle of water that cost about three 
times as much as gasoline costs per ounce. 

Well, Mr. Buchsbaum, in your report you gave us, it indicated 
that Lake Erie phosphorus loads in this chart are slightly below 
the agreement target load, and yet you still have this kind of algae 
growth. Do you attribute the algae to phosphorus levels or multiple 
factors? 

Mr. BUCHSBAUM. Definitely multiple factors. But definitely phos-
phorus levels. The phosphorus loads vary, so sometimes they are 
up, sometimes they are down. The key statistic isn’t in that chart, 
it is in another chart in the report, which indicates that soluble re-
active phosphorus, that is the phosphorus that is actually most 
available to biological growth, that has been in a steady increase 
for the last few years. And it is that phosphorus which is actually 
the thing that is causing the most of the algae blooms. 

There are other factors involved. The temperature of the lake is 
higher. You also have invasive mussels that are messing up the 
system a bit. But in fact, it is the soluble reactive phosphorus. That 
is still unclear exactly where that comes from. But they believe it 
is a combination of, well, there are some biological interactions that 
are increasing it. 

But it is also certain farming practices that were encouraged for 
conservation practices, including no-till. It looks like we may need 
to make some slight adjustments to those. Because the longer that 
the phosphorus is left in the soil, the more it binds with the soil. 
So then when you have soil washing in, we are having larger 
storms, so as the larger storms wash the soil into the rivers and 
then that is carried out into Lake Erie. That soil includes soluble 
reactive phosphorus at levels we didn’t have before. 

Senator SESSIONS. I think these are complex issues, and I do 
think science can help us best address how to confront them. 

Mr. Budell, I was, as a former attorney general of Alabama, and 
a former United States attorney in litigation for the United States, 
I was a bit taken aback that you were not consulted when EPA set-

VerDate Aug 31 2005 09:17 Jun 02, 2017 Jkt 000000 PO 00000 Frm 00337 Fmt 6633 Sfmt 6633 S:\_EPW\DOCS\24963.TXT VERNE



332 

tled what was, I assume, a Federal lawsuit over pollution? Is that 
where the agreement arose? 

Mr. BUDELL. Florida was not a party to the lawsuit. 
Senator SESSIONS. Right. 
Mr. BUDELL. It was a lawsuit from private ENVIRONMENTAL 

community with EPA. 
Senator SESSIONS. But you were taking a lead in controlling nu-

trient levels, and emissions into the waters, and this lawsuit dealt 
with that issue, is that correct? 

Mr. BUDELL. That is correct. 
Senator SESSIONS. And as a matter of courtesy and propriety, 

you felt like, if not legality, that you should have been consulted 
in this process? 

Mr. BUDELL. It would have been an indication of the cooperative 
nature of working together with EPA to develop numeric criteria 
to have been consulted in a consent decree, yes. 

Senator SESSIONS. Well, I have been involved, and I have seen 
litigation that occurs when people are kind of proud, too quick to 
settle a lawsuit because they think the court is going to tell them 
to do what they would like to do anyway. So at any rate, EPA is 
able to negotiate a settlement that bound you, and you were not 
able, you were not asked to participate, and I don’t think that is 
good Federal-State cooperation, frankly. 

Now, you are still waiting on an answer concerning the petition 
that Florida has made to the EPA to withdraw its nutrient rule? 
You have not gotten a formal answer yet? 

Mr. BUDELL. That is correct. The letter that was in response to 
the petition that was sent to EPA in April was really a non-re-
sponse. It was as Ms. Stoner described it, it was, they are still eval-
uating, they are encouraging Florida to move forward with the nu-
meric rule, numeric criteria development. But they have not de-
cided yet whether they are going to withdraw their rule or not. 

Senator SESSIONS. Are you confident that the EPA has used the 
best available science in its nutrient rulemaking process? 

Mr. BUDELL. No. 
Senator SESSIONS. Explain your concerns about that. I think you 

are entitled to express them. 
Mr. BUDELL. As I stated in my comments, what we believe 

should be the approach that is appropriate and provides States 
with the flexibility and does build onto good science is to use nu-
meric criteria as a guideline, as a screening tool to evaluate the 
heath of water bodies. But you must pair that numeric criteria 
with the biological assessment to look at the ecology of the water 
body itself, to see if it is healthy. If it supports a healthy popu-
lation of flora and fauna but exceeds the numeric criteria by a 
tenth of a part per million or two-tenths or three-tenths or four- 
tenths, does it really make sense to spend money and time and re-
sources to control the nutrient concentration when the biology is 
perfectly healthy? We think not. We think that is a flexible tool to 
target your resources to water bodies that are truly biologically im-
paired, where you can focus those efforts and gain the maximum 
amount of benefit for the least amount of money, optimizing the 
public dollars that are available for this kind of a project. 
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Senator SESSIONS. Well, and just for the record, you in the State 
of Florida, attempts, I assume every day, to utilize the Resources 
you have to get the maximum benefit to the waters of your State. 
Is that correct? And you make decisions that you think maximize, 
considering some of the factors Mr. Hawkins referred to, to get the 
maximum positive impact from your efforts that you expend, is 
that correct? 

Mr. BUDELL. That is correct, we do that every day. 
Senator SESSIONS. And I guess it is your concern that the ENVI-

RONMENTAL Protection Agency, through its more numerical sys-
tem, will not direct the resources most effectively? 

Mr. BUDELL. The situation that we are facing now is that to date, 
we have proposed to develop a numeric nutrient criteria model in 
Florida that couples nutrient criteria guidelines, numeric guide-
lines with an assessment of the biological health of the water body. 
And to date, that proposal has been rejected by EPA. 

Senator SESSIONS. Thank you, Mr. Chairman. You have been 
very kind. I am late to another meeting, and I just want to express 
my appreciation again to the panel members. We appreciate your 
written testimony and look forward to working together. 

Senator CARDIN. Senator Sessions, I appreciate very much your 
active participation here. This hearing has gone longer than we 
had originally scheduled it, and I very much appreciate your active 
participation. This is an area that, I am going to ask one more 
question, but it will be pretty brief. 

First, Mr. Budell, let me point out that I hope that Florida and 
EPA can work this out. I heard today from EPA that they want to 
sit down, they are trying to, they believe that there isn’t as much 
division and they hope that they will be able to reconcile the issues 
because they want local control. That is EPA’s preference on these 
issues. 

And I come to this, and I will give you a chance when I finish 
my comments, I come to this knowing full well that many of the 
standards developed by EPA are the same or even less stringent 
than the standards proposed by the State of Florida in the fall of 
2008. Then when the EPA issued its numeric nutrient water qual-
ity criteria in January 2009, it included a statement from Deputy 
Secretary Michael Sole from the State of Florida recognizes that 
more needs to be done to address nutrient pollution in our rivers, 
streams, lakes and estuaries. These actions will help our State and 
all our stakeholders prevent and better manage sources of nitrogen 
and phosphorus from entering our waters. 

That was included, that quote from Michael Sole was included in 
the release when numeric standards were announced by the Envi-
ronmental Protection Agency. So it seems to me in 2009 we were 
pretty close together and something has happened since that date 
that has created a problem. I am going to ask unanimous consent, 
without objection, to include in the record the full copy of the re-
lease of January 16th, 2009, and several editorials from the Or-
lando Sentinel, from Florida Today and from the St. Petersburg 
Times, relative to this subject matter. 

[The referenced information was not received at time of print.] 
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Senator CARDIN. Also complimentary of the use of the tools and 
numeric standards for dealing with the nutrient problems of Flor-
ida waters. 

I put that all in context, because it is our hope that Florida 
would work with EPA. And I know it takes two sides to do it, be-
lieve me, I do. And work out a way that we achieve the results that 
I think both Florida and EPA would like to see achieved in a man-
ner which gives comfort to the State that we are proceeding in the 
most cost-effective way based upon good science to bring down the 
nutrient problems of our waters in Florida. If you would like to re-
spond, that is fine. 

Mr. BUDELL. Briefly. Only to say that we too want to work out 
an agreement with EPA. We want to propose to them criteria that 
they can approve. We think the best way to do that is to bundle 
the numeric guidance number with the biological assessment of the 
water body to help us determine which water bodies are truly im-
paired. 

You have heard Ms. Chard-McClary talk about the variability 
from water body to water body, nutrient concentration in one water 
body causes an impairment, and in an adjacent water body, it may 
not. They are very site-specific. And we believe that in order to use 
those criteria as screening tools, you must couple it with a biologi-
cal assessment of the water body before you determine that a 
Water body actually has to have nutrient reduction measures em-
ployed. 

We don’t doubt that numeric criteria are a tool that can be used 
to help us screen water bodies for impairment. But they don’t nec-
essarily equate to impairment. And meeting the number just to 
meet the number oftentimes is a waste of money. 

Senator CARDIN. I think I understand your point. And I take it 
that was known in 2009, and I understand your position today. I 
really do. So I think this is an area that I hope will be resolved. 
I think we all understand the dangers of nutrient pollution and the 
need for aggressive action. And we absolutely need the cooperation 
of our States working with all partners, including the EPA. 

Again, I found this panel to be extremely interesting and helpful. 
I really do applaud the efforts being made by you all to try to im-
prove the nutrient issues. From our neighbors here in the District, 
I must tell you, the District has been one of the strongest partners 
on the Chesapeake Bay partnership. We do applaud, from the very 
beginning, the District has been one of the leading partners in tak-
ing responsibility for the Chesapeake watershed. Obviously the 
challenges you have at Blue Plains is a significant part of that 
issue. 

Mr. Maravell, just one more time, I appreciate a Marylander 
being here. And what you are doing as far as leading on not only 
an efficient farming operation but a green farming operation is cer-
tainly encouraging. 

To all of you, thank you very much for being here. With that, the 
committee will stand adjourned. 

[Whereupon, at 4:39 p.m., the subcommittee was adjourned.] 
[Additional material submitted for the record follows.] 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

WASHINGTON, D.C. 20460 

Mr. Ronald F. Poltak 
Executive Director 
New England Interstate Water Pollution Control Commission 
116 John Street 
Lowell, Massachusetts 01852-1124 

Dear Mr. Pollak: 

OFFICE OF 
WATER 

Thank you for your January 3, 2011 letter expressing concern about the Environmental 
Protection Agency's (EPA or Agency) emphasis on state adoption of numeric nutrient criteria for 
both nitrogen and phosphorus, and EPA's position on independent applicability when assessing 
for use attainment and listing waters for nutrient impairment. EPA appreciates and recognizes 
the important efforts that states in EPA Regions I and II have taken to address nitrogen and 
phosphorus pollution, and I hope that this letter responds to your questions. 

Nitrogen and phosphorus pollution poses a significant water quality and public health 
concern across the United States, impacting water supplies, aquatic life, and recreational water 
quality. EPA's regulations at 40 CFR 131.11 specify that criteria "must contain sufficient 
parameters or constituents to protect the designated use." Therefore, EPA considers state 
adoption of numeric criteria for nitrogen and phosphorus, the causal parameters directly 
responsible for eutrophication in immediate and/or downstream waters, a priority. Adoption of 
numeric criteria for nitrogen and phosphorus will facilitate and expedite the protection of waters 
by assisting states in identifying and listing impaired waters, developing total maximum daily 
loads, and writing National Pollutant Discharge Elimination System permits. Numeric criteria for 
nitrogen and phosphorus can also further improve water quality by assisting nonpoint sources in 
best management practice implementation. 

In your letter, you propose that states should target only the limiting nutrient parameter-­
either nitrogen or phosphorus -- unless it is demonstrated that both are the cause of non­
attainment. EPA believes the adoption of numeric criteria for both nitrogen and phosphorus is 
necessary since generalizations about the limiting nutrient are not always appropriate. For 
example, lakes are not always phosphorus-limited and estuaries are not always nitrogen-limited, 
and the limiting nutrient in a waterbody or watershed often fluctuates seasonally and/or spatially. 
Additionally, to meet the requirements of40 CFR 131.10(b), a state " ... shall ensure that its 
water quality standards provide for the attainment and maintenance of the water quality 
standards of downstream waters." Since either or both nitrogen and phosphorus can be the 
direct cause of impairment in either near-field or downstream waters, states should adopt 
numeric criteria for both parameters. To be consistent with 40 CFR 131.10(b), states should 
ensure and demonstrate how the in-stream numeric criteria for nitrogen and phosphorus would 
be protective of downstream waters. 

Internet Address (URL) • http://www,epa.gov 
Recycled/RecyclabJe • Printed with Vegetable 011 Based Inks on 100"/c Postconsumer, Process Chlorine Free Recycled Paper 
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States may assess waters for nutrient response parameters (e.g., chlorophyll-a, Secchi 
depth, dissolved oxygen) in conjunction with nitrogen and phosphorus; however, relying solely 
on a response parameter and/or biological assessment to determine impairment may not 
sufficiently protect all waters. Assessing waters by evaluating the pollutants directly causing 
impairment (nitrogen and phosphorus) helps ensure protection of both near-field and 
downstream waters, and also helps prevent degradation of water quality. Some waterbodies 
may not exhibit a local response to nitrogen and phosphorus loading due to site-specific 
characteristics (e.g., turbidity limits light availability and therefore primary production), the 
season (e.g., lower winter temperatures limit productivity), or the natural lag-time between 
nitrogen and phosphorus loading and a biological response. Even when a local response has 
not been clearly demonstrated, these waters may be discharging nitrogen and phosphorus 
loads to downstream waters that may exhibit a response to nitrogen and phosphorus. EPA 
recognizes that there is analytical, spatial, and temporal variability associated with 
environmental data, that should be considered in deriving numeric criteria for nitrogen and 
phosphorus. EPA can work with states to adjust the state-adopted causal parameter criteria to 
account for site-specific conditions that continue to assure attainment of applicable water quality 
goals. 

Your letter proposes an integrated approach to assess waters for nutrient impairment, in 
which a waterbody would not be listed as impaired until after a nutrient response or impact is 
observed, even if nitrogen and/or phosphorus concentrations exceed the relevant standard. The 
Agency's primary concern with this approach is that waiting for visible algal growth or an 
alteration in the biological community ensures that the designated use is already impaired 
before action is taken to reduce nitrogen and phosphorus loadings. It takes a significant amount 
of time and resources for a waterbody to recover once visible signs of nitrogen and phosphorus 
enrichment are demonstrated. Assessing for nutrient causal parameters, and implementing the 
necessary controls if the causal criteria values are, or have the potential to be, exceeded, will 
help prevent a nutrient response. Furthermore, states must consider all relevant standards in 
assessments, in order to be consistent with Clean Water Act Section 303(d)(1)(A) which states 
that "each state shall identify those waters within its boundaries for which the effluent limitations 
required by section 301(b)(1)(A) and section 301(b)(1)(B) are not stringent enough to implement 
any water quality standard applicable to such waters." EPA provides states flexibility in adjusting 
the frequency and duration components of numeric nutrient criteria, and is amenable to working 
with states to develop a scientifically defensible approach that incorporates nitrogen and 
phosphorus numeric criteria, nutrient response parameters, and where appropriate, biological 
assessments, is protective of near-field and downstream waters, and is consistent with the 
Clean Water Act and its implementing regulations. 

EPA adheres to the Clean Water Act and its implementing regulations when reviewing 
new or revised water quality standards. Therefore the Agency encourages states to be in 
frequent communication with EPA throughout the criteria derivation process to allow for early 
opportunities for guidance and comments on the state's approach. EPA regulations at 40 CFR 
Part 131.6(b) provide that states must submit to EPA the "methods used and analyses 
conducted to support water quality standards revisions." States are afforded flexibility in how 
they derive numeric nitrogen and phosphorus criteria, and assess waters for use attainment. 
Importantly, the methods used and rationale must be scientifically sound, as well as clearly and 
thoroughly described and documented in the water quality standards submission or supporting 
documentation. A state's numeric nutrient criteria must protect the water's biological and 
chemical characteristics, ensuring that the water achieves its most sensitive designated use, as 
described in 40 CFR Part 131.11. Further, since designated use protection is largely contingent 
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upon a criterion's duration and frequency components, EPA regards these components as key 
to a complete water quality standards submission. 

I appreciate your interest in addressing nitrogen and phosphorus pollution issues in 
Regions I and II, and taking the time to express your views and those of the New England 
Interstate Water Pollution Control Commission. EPA looks forward to continuing to work with 
states and learn from their experiences in developing and adopting appropriate numeric criteria 
for nitrogen and phosphorus. Again, thank you for your letter. 

If you have additional questions or concerns please contact me or Ephraim King, the 
Director of Office of Science and Technology, at 202-566-0430, king.ephraim@epa.gov. 

Sincerely, 

~~ 
Nancy Stoner 
Acting Assistant Administrator 
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The Honorable Lisa P. Jackson 
Administrator 

September 21, 2011 

United States Environmental Protection Agency 
1200 Pennsylvania Ave, NW 
Washington, DC 20460 

Dear Administrator Jackson: 

It has come to our attention that the Environmental Protection Agency (EPA) recently denied the 
Minnesota Center for Environmental Advocacy's (MCEA) petition requesting that the EPA set 
numeric nutrient water quality standards for the Mississippi River and the Gulf of Mexico. As 
representatives of the only state in the nation su~ject to EPA numeric nutrient standards, we hope 
that EPA's cooperative approach to the Mississippi River basin signals that EPA will 
immediately reconsider its unilateral actions in Florida. 

In a letter dated July 29'11 to the Legal Director of MCEA, the EPA outlines several nation-wide 
efforts the Agency has made to address nutrient loadings throughout the country. The letter 
states that "the most effective and sustainable way to address widespread and pervasive nutrient 
pollution in the MARB and elsewhere is to build on these efforts and work cooperatively v.ith 
states and tribes to strengthen nutrient management programs.'' Furthermore, the Agency states 
it is ''exercising its discretion to allocate its resources in a manner that supports targeted regional 
and state activities to accomplish our mutual goals of reducing Nand P pollution and 
accelerating the development and adoption of state approaches to controlling Nand P." 
!Emphasis added.] 

As you know, the State of Florida is the only state that EPA has overtaken with Federal 
regulations to address nutrients in water bodies. Notably, all of the national efforts outlined in 
the Agency's July 29'" letter to MCEA equally apply to Florida. Additionally. in the EPA's own 
words, "Florida has developed and implemented some of the most progressive nutrient 
management strategies in the Nation." 

Recognizing this good work in our state, on April 22"d, Secretary Vineyard of the Florida 
Department of Environmental Protection formally requested that EPA withdraw its Federal 
nutrient rules and instead allow florida to manage nutrient loadings in its own waters. EPA has 
declined to accept this request, despite the clear evidence that Florida has been a national leader 
in water quality management. The state has invested millions of dollars into the EPA-approved 
TMDL program and has seen remarkable water quality improvements because of its work. In 
singling out Florida for federal nutrient criteria promulgation, however, EPA has continued to 
ignore the effective steps Florida has taken to manage nutrient loadings to its state waters. 
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Given your Agency's recent response to MCEA's petition and the efforts taken by our state 
agencies to properly implement nutrient control programs, we question the EPA's justification 
for ignoring the work in the State of Florida by declining to respond to the petition liled by the 
state on April 22"d. While we recognize the geographical differences in setting criteria for a 
region versus a single state, we tail to sec the need for the Agency to continue to intervene in the 
State of Florida for the very reasons that the Agency denied MCEA's petition the issue is best 
addressed by the states in cooperation with the EPA The current regulatory scheme in Florida 
simply docs not reflect cooperation. Furthermore and most importantly, it is our understanding 
that, by declining to simply lake action on the DEP p.:tition. the EPA has created further 
regulatory uncertainty for many of the employers in Florida eager to create more jobs tor our 
eonsti tuents. 

Consistent with the cooperative federalism envisioned by Congress in the Clean Water Act, we 
ask that the EPA immediately withdraw its decision to impose numeric nutrient criteria in 
Florida and place our state on a level playing field with states in the Mississippi River watershed 
and throughout the rest of the nation. Specifically, and to this end, we respectfully request that 
you immediately grant the petition filed on April 22"d by the State of Florida so that the state can 
move forward in protecting Florida's waters and businesses can move forward in creating more 
jobs in our state with newfound regulatory certainty. 

Given the importance of this issue and the vast economic implications of inaction, we look 
forward to your prompt response. 

Respectfully, 
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Mosaic· 
~~ 

October 3, 20 11 

James K. Voyles 
Director of US Environmental Affairs 
Mosaic Fertilizer, LLC 
13830 Circa Crossing Drive 
Lithia, FL 33547 

The Honorable James Inhofe, Ranking Member 
Senate Environment and Public Works Committee 
410 Dirksen Senate Office Building 
U.S. Senate 
Washington, D.C. 20515-6115 

Tel {813) 500-6486 
Fax {813) 571-6913 
E-mail: 
James.Voyles@mosaicco.com 

www.mosaicco.com 

Re: U.S. Environmental Protection Agency Numeric Nutrient Rule, 40 C.F.R. § 131.43 

Dear Senator Inhofe: 

I am writing on behalfofthe Mosaic Company ("Mosaic"), the world's leading producer 
and marketer of concentrated phosphate and potash, two of the primary nutrients required to 
grow the food the world needs. Our business engages in every phase of crop nutrition 
development, from the mining of resources to the production of crop nutrients, feed and 
industrial products for customers around the globe. Mosaic is proud to play a critically important 
role in the U.S. agricultural sector and in feeding the world's population. Our customer base 
includes wholesalers, retail dealers and individual growers in more than 40 countries. 
Headquartered in Plymouth, Minnesota, Mosaic employs approximately 7,400 people in eight 
countries. Our annual net sales are almost $10 billion and we provide tens of thousands of jobs 
directly and indirectly in the United States. More than half of our sales last year were tied to the 
phosphate rock the company mines from the 300,000 acres of land it owns in Central Florida. 

Mosaic is committed to protecting the environment and working to strike a balance 
between meeting the growing need for food throughout the world and preserving the ecosystems 
around us. Our environmental focus informs every aspect of our business planning and 
operations. When selecting areas for mining and manufacturing, we utilize land that has been 
used for agriculture and other industries, leaving undisturbed wilderness untouched. We 
continuously evaluate our processes and explore new opportunities to practice sound 
environmental stewardship of our environment. 

Mosaic supports sound policies and regulations to address potential nutrient impacts on 
the environment. We were actively involved in EPA's rulemaking entitled Water Quality 
Standards for the State of Florida's Lakes and Flowing Waters, 75 Fed. Reg. 75,762 (Dec. 6, 
20 I 0) ("the Nutrient Rule" or "the Rule") and we are continuing to work with EPA on the 
implementation of the Rule. We now write to add our voice to the many who are expressing 
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October 3, 2011 
The Honorable James Inhofe, Ranking Member NNC Comments 
Page2 

concern regarding the Nutrient Rule and to urge you to continue your engagement and exercise 
of appropriate oversight over EPA on this issue. We understand the Senate Environment and 
Public Works Committee is holding a hearing to examine nutrient issues. As you move forward 
with crafting national policy addressing nutrient impacts on the environment, we respectfully 
request that you consider the following concerns regarding the Nutrient Rule. 

Mosaic is concerned that the Nutrient Rule was not based on sound science and that EPA 
did not conduct a proper cost-benefit analysis in support of the Rule. As a result, the Nutrient 
Rule will impose substantial and unnecessary economic burdens on the State of Florida, without 
providing any concomitant benefits in environmental protection. For these reasons, and others, 
we believe that EPA's implementation of the Nutrient Rule, and its additional forthcoming 
rulemaking that will set numeric nutrient criteria for Florida's estuaries and coastal waters, 
merits serious oversight and careful review by Congress. 

The Nutrient Rule is Not Based on Sound Science 

The Federal Clean Water Act requires that water quality criteria be based on sound 
science. See 40 C.F.R. § l3l.ll(a)(l). However, the Nutrient Rule is riddled with scientific 
flaws. The criteria for total phosphorus and total nitrogen established by the Rule for Florida's 
streams were not, according to EPA's own statements, derived from a demonstrated relationship 
between a specific level of nutrients and a concrete or measureable biological or ecological effect 
in a receiving water. See 75 Fed. Reg. 4,174, 4,194 (Jan. 26. 2010) ("EPA was not able to 
demonstrate a sufficiently strong correlation between the biological response indicators ... and 
[nutrient] concentrations.") Rather, EPA identified a suspect population of streams it considered 
unimpaired by nutrients, generated a distribution of nutrient values associated with these 
"reference" streams, and established regulatory criteria based on an EPA-selected percentile 
from this distribution (90'h percentile for most regions; 751

h percentile for one region). EPA's 
criteria are not based on any scientific evidence that nutrient levels above the criteria will, in fact, 
cause biological harm, ill that nutrients below these levels will be protective of biological 
conditions in any particular waterbody. Furthermore, EPA's unscientific method by definition 
mandates that numerous streams that EPA itself determined to be biologically healthy will now 
paradoxically be deemed "impaired" under this framework. 

EPA acknowledges that numerous site or location specitlc factors dramatically affect the 
relationship between nutrient levels and adverse biological impacts in any given water body, 
including velocity of the stream flow, the shade cover of the stream and the degree of scouring of 
stream substrate. See 75 Fed. Reg. at 4, 192. Yet EPA did not take account or adjust for any of 
these factors in setting stream criteria, stating, with admirable candor, that it did not do so in 
order to avoid "the substantial expenditure oftime and scarce public resources to document and 
interpret inevitable and expected stream variability on a site-by-site, segment-by-segment basis." 

I d. 
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October 3, 2011 
The Honorable James lnhofe, Ranking Member- NNC Comments 
Page 3 

The fatal flaws of EPA's approach were demonstrated by concrete evidence provided to 
EPA by numerous commenters (including Mosaic) showing that streams with nutrient criteria 
above the EPA criteria are nevertheless biologically healthy, and that in some areas of Florida 
natural run-off conditions have nutrient levels above the EPA criteria. See Mosaic Comments of 
April23, 2010, pages 23-26 and Attachment 2 (EPA-HQ-OW-2009-0596-1217.2 and 1217.5). 
These data demonstrate empirically that EPA's criteria do not correspond to the actual conditions 
of Florida's waters. Accordingly, the Nutrient Rule is not based on sound scientific principles 
and EPA's implementation of the Rule, as well as its further rulemaking in this area, merits close 
review and oversight by Congress. 

The Nutrient Rule Did Not Use a Valid Cost Benefit Analysis 

EPA estimates the potential annual cost of the Nutrient Rule as ranging between $16.4 
million and $25.3 million. 75 Fed. Reg. at 75,793. EPA's cost estimate is flawed in numerous 
respects; we identify only a few of the most glaring flaws here. First, EPA's estimate assumes 
that a potential State regulation on nutrients, never proposed or implemented by the Florida 
Department of Environmental Protection ("FDEP") was in effect in Florida; on that basis, EPA 
assessed only the incremental cost of the Nutrient Rule beyond the costs of the theoretical FDEP 
rule. (EPA's own figures suggest that an estimate of the impact of the Nutrient Rule without 
regard to the theoretical, non-existent FDEP rule would be an order of magnitude higher, ranging 
from $!35 million to $206 million annually. Id.) 

Second, EPA assumes that where municipal waste water treatment plants or other 
facilities are unable to meet the nutrient criteria, expensive investment in costly reverse osmosis 
or other capital intensive technology will not be necessary because "it is reasonable to assume 
that entities would first seek out other available means of attaining water quality standards such 
as reuse, nonpoint source reductions, site-specific alternative criteria, variances, and designated 
use modifications." I d. at 75,794. This analysis, by presuming that entities with costly 
compliance needs will simply obtain relief, "assumes away the question." Nothing in the Rule 
suggests or guarantees such a result. 

Third, EPA does not appear to quantify the impact of the Rule on waters already 
considered impaired under Florida law. While EPA acknowledged that there may be costs 
associated with achieving nutrient reductions beyond those already contemplated, it did not 
quantify these costs at all. See id. at 75,793. 

Fourth, the EPA cost estimate does not address the very substantial costs to regulated 
parties of seeking to avail themselves of the regulatory relief mechanisms that EPA presumes 
will be necessary to enable compliance with the Rule. EPA acknowledges that the Rule will 
require development of new or revised Total Mass Daily Loads, Site Specific Alternative 
Criteria, Use Attainability Analyses and applications for variances. The costs to regulated 
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October 3, 2011 
The Honorable James Inhofe, Ranking Member NNC Comments 
Page4 

entities of seeking these relief mechanisms --e.g., data collection, analytical work, advocacy and 
scientific submissions, etc.-- are not included in EPA's cost estimate. 

Studies prepared by other parties and submitted to EPA project cost impacts ofthc Rule 
that far exceeds EPA's flawed estimates. For example, one study found the cost impacts of 
EPA's proposed Rule on the Florida phosphate industry alone to be about $1.6 billion in capital 
expenses and $59 million in annual operating expenses. This estimate did not include the costs 
oftreatment of reclaimed mining lakes and streams, and other anticipated costs. The Florida 
Water Environmental Association estimated the costs of Rule compliance for municipal 
wastewater treatment plants alone to be $2.0 to $4.4 billion per year. The Florida Department of 
Environmental Protection estimated the compliance costs for industrial dischargers to be 
approximately $2.1 billion per year, and for urban storm water controls to be nearly $2 billion 
per year. The Florida Department of Agriculture and Consumer Services estimated the cost 
impact to agriculture at between $0.9 billion and $1.6 billion per year. These multiple, 
independent estimates provide a clearer picture of the actual impacts to Florida of this unsound 
regulation and demonstrate the need for Congressional oversight. 

Finally, EPA's estimate of the anticipated benefits of the Nutrient Rule is equally suspect. 
EPA's benefit analysis assumes that the Rule will lead to improved water quality and improved 
ecological function in Florida's flowing waters. See 75 Fed. Reg. at 75,802. However, as 
discussed above, the scienti fie and methodological flaws in the Rule mean that the new criteria 
will not necessarily achieve any or all of the projected improvements in Florida water quality. 
The Rule will identify certain healthy streams as impaired -- meaning there is no benefit to be 
realized. It will identify other streams as impaired for nutrients when nutrients are not the cause 
of the impairment. And the Rule will fail to ensure that actual instances of nutrient impairment 
will be corrected by meeting these criteria. Consequently, EPA's assumptions regarding water 
quality improvements, and its resulting estimate of the benefits resulting from these alleged 
improvements, are ill-founded and cannot justify the costs and consequences of the Rule. 

Thank you very much for your leadership on this issue. If you have questions or wish to 
discuss these issues further, please feel tree to call me at 813-500-6486. 

Sincerely, 

James K. Voyles, 
Director of U.S. Environmental Affairs 
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September 17, 2010 

The Honorable Lisa Jackson 
Administrator 
United States Environmental Protection Agency 
1200 Pennsylvania Avenue, NW 
Washington, DC 20460 

Dear Administrator Jackson, 

The undersigned organizations are profoundly concerned with the Clean Water Act 
numeric nutrient criteria (NNC) policies that are now being advanced by the 
Environmental Protection Agency (EPA) across the U.S., and in their most prominent and 
current form in Florida. It is apparent that EPA's development ofNNC in Florida will 
establish a template for how NNC should be structured nationwide. The work underway in 
Florida is a result of a settlement agreement with activists, which is not only highly 
problematic but also raises fundamental questions of fairness and transparency, and 
effectively undermines the rights of the regulated community to customary, open 
proceedings. 

We strongly urge EPA to: 

• Delay further NNC policymaking until it has engaged with all relevant stakeholders 
in a thorough and transparent review of the strategic direction ofNNC policies. 

• Revisit and update the 1998 "National Strategy for the Development ofRegional 
Nutrient Criteria'' (National Strategy). 

• Not finish the NNC for Florida's lakes and streams this fall and instead work on 
those in concert with the NNC that EPA is planning to finalize in August 2012 for 
all other Florida waters- and in the process answer the numerous and significant 
scientific, economic and policy questions about these NNC in an open and 
transparent manner. 

• Reject policymaking by settlement agreement, with its inherent opaqueness and the 
distrust that creates. 

We believe that revisiting and updating the 1998 National Strategy is warranted for at least 
four reasons. First, during the 12 years since the strategy was issued a considerable body 
of applied scientific knowledge and policy experience has been developed by the research 
community, states, and EPA. We estimate that more than 40 states have exp'lored how 
they might create NNC. We understand that this work at the state-level has involved 
considerable debate on substantive matters within states, between states, and between EPA 
and the states, and that many of these debated matters remain unresolved. This substantive 
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experience with the difficult scientific and practical pitfalls ofNNC needs to be drawn 
upon to develop a sound path forward for NNC policies in general. In the case ofF lorida, 
there are significant questions about the statistical, modeling and biological science used 
by EPA. By EPA's own admission in the proposed rulemaking, there is no scientifically 
established correlation between these proposed NNC and the desired biological conditions 
in these waters. In general, we believe there is a serious lack of rigorous, generally 
accepted science that justifies the particular methods EPA adopted to generate these NNC 
in Florida. 

Second, since the development of the 1998 National Strategy, there has been little or no 
significant or organized public participation in NNC policy development from a strategic 
perspective. Such an open and transparent process is essential if specific NNC being 
advanced by EPA and the states are to be embraced. This is certainly a far more 
acceptable process than letting policy be driven by settlement agreements developed 
behind closed doors solely with activist groups, as has been the recent case with NNC and 
in other important Clean Water Act policy areas. 

Third, one ofthe most serious drawbacks of the 1998 National Strategy is that it failed to 
undertake any substantive analysis of the economic costs and benefits ofNNC; for the 
regulated community, for the economy as a whole, or for the public sector that must 
develop and administer the NNC. In the particular case of the Florida NNC, it is very clear 
that adopting the wrong criteria can cause enormous economic harm both in the direct 
costs to the regulated community but also for the economy as a whole. The Florida 
Department of Agriculture estimates that the total initial cost for agricultural producers to 
comply with the NNC for lakes, rivers and streams to be between $855 million to $3.069 
billion, and the subsequent annual compliance costs to be $902 Million to $1.605 billion. 
As a result, it estimates that the size of the Florida economy will be reduced by $1.148 
billion a year and that 14,545 full and part time jobs would be lost. 

Not just agriculture is at risk, of course. The Florida Department of Environmental 
Protection estimates that the total capital cost for utilities to comply with these NNC would 
be $4.167 billion. The Florida Water Environment Association estimates the cost for 
compliance with all of the NNC that EPA has under development to be $47.6-$98.7 billion 
over 30 years. They also estimate that the average household utility bill will increase 

$673-$726 a year. 

The size of these costs for Florida alone are reason enough to justify revisiting the National 
Strategy to ensure that a sound and responsible path forward is developed. 
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Lastly, with regard to the substance of the proposed NNC, EPA needs to fully consider the 
implications and outcomes that will result if it sets the NNC for the lakes and streams at 
standards that are far too stringent, impractical and unattainable for Florida and the rest of 
the United States. The goals of the Clean Water Act must not be set and pursued in 
isolation from all ofthe other important goals and priorities of society, including 
promoting vibrant, strong job-creating businesses, economically strong communities, and 
the productive and valuable use of the land for agricultural and other purposes. 

For all these reasons, we believe it is imperative that EPA open a meaningful, working 
dialogue on the strategic direction ofNNC policies. We believe that is best accomplished 
by using as a starting point the 1998 National Strategy. The dialogue must be carried out 
with all the relevant stakeholders in an open and transparent manner, not simply with the 
activist NGOs. In the particular case of the Florida NNC, given the host of legitimate 
economic and scientific questions and issues, we believe the NNC for lakes and streams 
should not be finalized this fall, and instead subjected to further scientific development and 
review as part ofEPA's broader effort involving the NNC for the other waters of the state. 
This work on the Florida NNC should be carried out in parallel to the national working 
dialogue we have suggested. 

Sincerely, 

Agricultural Retailers Association 
American Farm Bureau Federation 
American Feed Industry Association 
American Horse Council 
American Meat Institute 
American Soybean Association 
American Sugar Alliance 
CropLife America 
Florida Fertilizer & Agrichemical Association 
National Alliance of Forest Owners 
National Association of Conservation Districts 
National Association of State Departments of Agriculture 
National Association of Wheat Growers 
National Barley Growers Association 
National Cattlemen's Beef Association 
National Chicken Council 
National Corn Growers Association 
National Cotton Council 
National Council of Farmer Cooperatives 
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National Farmers Union 
National Milk Producers Federation 
National Pork Producers Council 
National Potato Council 
National Sorghum Producers 
National Sunflower Association 
National Turkey Federation 

National Water Resources Association 
Southern Crop Production Association 

The Fertilizer Institute 
United Egg Producers 
United Fresh Produce Association 

U.S. Apple Association 
U.S. Canola Association 
U.S. Cattlemen's Association 
US Rice Producers Association 
Western Growers 

cc: Secretary Tom Vilsack, USDA 
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~NEIWPCC 

January 3, 2011 

Administrator Usa Jackson 
USEPA Headquarters 
Ariel Rios Building 
1200 Pennsylvania Avenue, N.W. 
Mail Code: 1101A 
Washington, DC 20460 

Dear Administrator Jackson, 

The Northeast states recognize that nutrient pollution is a significant environmental problem 
that impacts many waterbodies in our region and nationwide. Efforts such as the long Island Sound and 
Lake Champlain TMDLs and the Massachusetts Estuaries Project provide concrete examples of our 
commitment to reducing nutrient inputs to our waters. We appreciate EPA's continued focus on this 
issue and fully support EPA Region l's attention to how nutrient issues in the Northeast are distinct from 
those in other parts of the country. Furthermore, all of our states have put significant effort and 
resources into the process of developing numeric nutrient criteria. While we have no intention of 
abandoning our efforts to develop and establish these criteria, we have significant concerns with the 
direction EPA is now taking regarding the independent applicability of numeric nutrient criteria. The 
New England Interstate Water Pollution Control Commission recently represented its member states at 
an Office of Water briefing hosted by EPA Region 1. There, we had the opportunity to share some of our 

concerns with your staff, and have highlighted them for you below. 

A number of Northeast states have advanced numeric nutrient criteria development to the 
point of initiating the rulemaking process within their state to establish these criteria as part of their 
Water Quality Standards. The technical approach favored by many states bases criteria on strong 
scientific evidence using stressor-response relationships, where nitrogen and phosphorus are the 
stressors and environmental indicators are the response (e.g. chlorophyll-a, Secchi disk, indices of 
biological health). Because the relationship between nutrients and environmental responses is based on 
many site-specific factors and varies from waterbody to waterbody, these responses consolidate the 
many site-specific factors that must be considered for efficient application of criteria, and therefore are 
the most appropriate indicators of a waterbody's impairment status. 

Thus1 both Maine and Vermont are proposing criteria for freshwater that are based on a 
decision framework that takes into account both causal variables {nitrogen and phosphorus) and 
environmental responses relevant to each waterbody. While EPA has argued that single number criteria 
approaches should be used, no such uniformity of condition exists in the natural world. Because 
nutrients are not toxic contaminants with threshold responses, conditions demonstrated by acceptable 
biological responses that are reflective of a range of nutrient conditions are the most appropriate way to 

Co11necticut 

f>1aine 

Massachusetts 

New Hampshire 

Nevv York 

Rhode tsianct 

Vermont 
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apply criteria. While ambient concentrations may be helpful in screening potential impairments, under a 

decision framework approach, a waterbody would be considered impaired only if one or more 

measured environmental response criteria did not meet limits, regardless of whether or not the 

established phosphorus or nitrogen criteria were exceeded. In the case that all measured environmental 

response criteria are met, the waterbody would not be considered impaired, even if nitrogen or 

phosphorus concentrations were above the state's numeric criteria. 

Based on the final criteria established by EPA for the state of Florida, and feedback provided to 

the states of Maine and Vermont by EPA Region 1, EPA is not supportive of response-based approaches. 

EPA has taken the position that states can incorporate response variables but must include numeric 

nutrient criteria for both nitrogen and phosphorus and that each criterion must be independently 

applicable to determine a waterbody's impairment status. By taking this position, a waterbody could be 

determined to be in violation of water quality standards even when a biological impairment does not 

exist. In addition, by requiring both nitrogen and phosphorus criteria to be incorporated into state water 

quality standards and applied independently, technological controls could be required to remove both 

nutrients even though most systems are controlled by the most limiting nutrient (i.e., typically 

phosphorus in freshwater and nitrogen in marine waters). This added burden could result in significant 

increases in sludge production and treatment and energy costs, despite not being necessary to control 

eutrophication in most cases. We recognize that there are some POTWs that discharge to both 

freshwater and marine systems, but this is the exception and not the rule. 

EPA Region 1 has recently suggested a framework that allows for a waterbody exceeding a 

numeric criterion but meeting acceptable levels for environmental response variables to be listed as 

"indeterminate" for its attainment status. We appreciate the Region's continued dedication to finding a 

solution that is workable for both parties, but we still have the same fundamental objection that a 

waterbody that is meeting environmental response criteria should be listed as attaining standards even 
if it exceeds a numeric nutrient criterion. We understand that EPA has concerns about implementing 
response~based criteria, but we feel that this is a question that is dealt with in permitting, not standards 

development. Further, the Northeast states have solid experience in crafting defensible and robust 

permits with effluent limits derived from these same response-based criteria. We are committed to 

working with both of our EPA regions to continue implementing these valid and defensible limits using 

already endorsed EPA methodologies. 

In summary, the Northeast states believe that EPA has failed to produce sufficient scientific 

evidence or a viable legal or policy basis for the imposition of independent applicability of numeric 

nutrient criteria. In addition, the Northeast states do not agree that numeric criteria for both nitrogen 

and phosphorus are necessary for all waterbodies. Numeric criteria should only be required for the 

limiting nutrient in a system unless dual limitation is demonstrated. 

The Northeast states have amply demonstrated that using environmental response variables to 

develop nutrient criteria is a scientifically valid approach that is highly protective of water quality. Many 

years of data collection and analysis have gone into development of these criteria. Furthermore, in their 

review of EPA's Technical Guidance on Empirical Approaches for Numeric Nutrient Criteria Development, 

EPA's Scientific Advisory Board (SAB) recognized that a stressor-response approach is a legitimate, 
scientifically-based method for developing numeric nutrient criteria when it is applied appropriately, 
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such as part of a tiered weight-of-evidence approach. The approaches being proposed by the Northeast 
states fall in line with this recommendation by the SAB, especially with respect to the potential range of 
acceptable nutrient concentrations, and their site-specificity, that a weight-of-evidence approach 
supports. 

The Northeast states are very appreciative of the assistance provided by EPA Region 1 
throughout the nutrient criteria development process and have every intention of continuing the 
scientific work that will build the foundation of their numeric nutrient criteria. We also plan to continue 
to address nutrient impairments through NPDES permitting, TMDLs, and adaptive watershed 
management, while criteria are being developed and put in place. However, the Northeast states are 
concerned about EPA's approach, and many states are taking the position that they will not proceed any 
further with adoption of numeric nutrient criteria until EPA has provided sufficient explanation of the 
legal requirement and scientific basis for the requirement for independent applicability of criteria. Once 
those concerns can be addressed, we will renew our commitment to the process of establishing these 
important criteria in earnest. 

Thank you for your consideration of the concerns we have described. We are eager to continue 
working with you on this important environmental issue and look forward to your response. 

' 

,; ):..,.,,""' 
' Executive Director 

Cc: Curt Spalding, Regional Administrator, EPA Region 1 
Judith Enck, Regional Administrator, EPA Region 2 
NEIWPCC Executive Committee 
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The Honorable Jeff Sessions 
United States Senate 
326 Russell Senate Office Building 
Washington, DC 20510 

September 29, 2011 

RE: Subcommittee on Water and Wildlife Hearing Entitled "Nutrient Pollution: An Overview of 
Nutrient Reduction Approaches" Hearing on October 4, 2011 

Dear Senator Sessions: 

Ala bam« farmers are more concerned today than ever before about the future of agriculture, not only 
because of volatile markets, global competition, or even unpredictable weather patterns, but because of 
the continued onslaught of regulations, rules, and guidance documents brought forth by the 
Environmental Protection Agency (EPA). While farmers, possibly more so than any other segment of the 
population, understand the importance of a healthy ecosystem and dean water, they continue to be 
singled out by federal agencies and environmental groups. However, the reality Is that farmers are 
continuing to Implement production practices that allow them to be better environmental stewards, 
resulting in far less environmental impacts than ever before. 

From no-tillage production systems on row crop operations, to nutrient management plans on poultry 
farms, today's farmers are doing their fair share to ensure the next generation has necessary resources 
available to feed and clothe the world's increasing population. These resources certainly include clean 
water, clean air, and fertile lands, all of which are important to agricultural production. A growing 
number of farmers also employ Global Positioning System (GPS) technology to more closely c.ontrol the 
inputs, including fertilizer, that are used In the production of a crop. This technology greatly reduces the 
potential for runoff of excess nutrients or pesticides. Additionally, productivity on a per acre and per 
animal basis is higher than ever before, meaning for every acre harvested or every cow milked, more 
bushels of corn and more gallons of milk are produced with fewer inputs. This results in less waste and 
a decreased environmental impact. With the high cost of nearly every agricultural input from fuel to 
fertilizer, it only makes sense for farmers to continue to strive to further reduce Inputs such as fertilizer, 
thereby reducing nutrient runoff. 

One example of the current Administration and EPA taking aim at farmers In an unprecedented manner 
is the Chesapeake Bay TMDL. Ignoring the substantial effort and progress made by the agricultural 
community and others in recent years, the EPA moved forward with an aggressive and inflexible new 
plan to regulate farming practices in the Chesapeake Bay watershed. In the last two yearst EPA has set 
in motion a significant number of new regulations that will fundamentally alter the face of agriculture 
nationwide. In fact, the EPA has even touted the Chesapeake Bay TMDL as a potential model program 
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for other w~tersheds auoss the country, and it appears thE> Mrssissippi Hiver Basin could be targeted 
next in light of the EP.A's signed agreerncnt v,dth a (,Ontractcr to develop a sy:;tem of total mdxfmum 
dailv load~; (TMDL) for the n:.-gion (1s a way to reduce the hypoxic zone in the Gulf of ~v1exito. 

In Jnother trnubling move, the EPA fmalized watN quality standards !or the State of florida, known as 
nurn2ric nutrient critt~fia_ Nurnenc nutr;ent crlterii.l dfC qu.antitativr: water quJ!ity standards thnt will 
apply only to tht' State of Florida. By imposing a unilateral federal regulation, EI'A is essentially undoing 
the f-'Hhitive efforts already underway by the state dgencies that are most famili~n with Florida's unique 
11eeds As Alabama f,1rnwrs observe these steps taken by EPA to our neighbors in Floridi1, and continue 
to hear rurnb!ir)gs dbout fcder;::l!v devciopcd TMDL$ to tht: wt?St in lhe Mississippi River Basin/ w1: 
umnot help but ,J!,umed. 

Whill' one should never discount the value of a healthy environment from an ecological perspective. ''"" 
mus.t also con'>ider the hen!th of ow nat1on\ econornic environrnent. .lu-st as measures are 
;mplemented to require certain biological and chemical parameters that allow organisms to flourish and 
rcprudw .. c, we must also implement sen•,lblc economic and rcguldtorv policies to allow for the 
prosperity and growth of the agricultural sector of rural America. At a time whPn jobs are needed to 
stimulate the econorny~ and vvorld markets are prirnt:d to d!io;.,v for 1nore agritultural ex:~orts than evm 
before.;; seems counterintUitive to hinder the productivity ol the AmNican farmer. Common sense and 
::.ound. scit'rKe >;.hould bE used ~.s the ba-s1s for the promulgation of new environmental reguhHions, and 
they should only be enacted when c•rwwonmental g,lins can be ;ustified in light of economic 
cor.sequenc.t:.':~. 

With the progress diready made by production agriculture In regards to environmental stewardship, 
much of ,t voluntarily~ it seern~i that [PA would be interested ln recognizing the great strid~s farmers 
have made, rather than continuing to find w~ys to make !heir already difficult job more burdensome. 
V"''e respectfully J.Sk the IYH:~mbcrs of this ~ubcommittee to t~ncourage the EP.A and otht:r federal agencies 
to identify ways to address nutrient management issues in a transpar;:nt, productive manner as 
uppo~ed to the rigid. unHaternl approach thdt has been the case in recent rnonths. Furthermore, we 
humbly request continued nwrsight ot rules and regulations related to nutrient management programs 
to a~sure they art~ ha~ed on sound. objedive science, and thoroughly t:vah.:dted for eu ... >nomk imrwct:. to 
agriculture and rurd! Amt.:nca. 

/n1h 

Sincerely, 

,\,_;\/'-~\~~.A~" 
' .. ,) \ •• ....> (._..) 

JNry A. Newby 
Pre-:>ident 
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October 2, 2011 

Senator Ben Cardin 
Chairman, Subcommittee on Water and Wildlife 
Senate Environment and Public Works Committee 
509 Hart Senate Office Building 
Washington, DC 20510 

Dear Senator Cardin, 

The BlueGreen Alliance a partnership of 10 of the nation's largest labor unions and 4 of America's most 
influential environmental organizations, representing more than 14 million members and supporters united 
in working toward a clean energy economy- see the ecological and public health benefits of clean water as 
sacrosanct. We also see efforts to provide clean drinking water, conserve water and protect our nation's 
waterways as integral in job creation and supporting a strong domestic economy. 

Environmental regulations, such as the Clean Water Act, produce jobs in several ways. They encourage the 
development of advanced technology and promote competition to comply with needed standards. In many 
cases, industrial and agricultural processes that produce significant amounts of pollution are inefficient, and 
improving them sparks new approaches that increase productivity and often result in new investment, 
which in turn preserves or create jobs. 

Furthermore, they promote innovation through joint public and private efforts, for example through pilot 
projects that leverage academic, scientific and business resources to mitigate pollution with community, 
industry and government stakeholder buy-in. 

Second, controlling pollution itself produces new jobs in manufacturing and operations, in implementation 
of new technologies and the operations and maintenance of facilities that keep pollution low. 

Lastly, environmental damage entails impacts to public health, which can reduce people's ability to work 
effectively. Improving people's health means workers improve their productivity, earn more and spend that 
extra income on goods and services, creating or maintaining jobs in the larger economy. 

The BlueGreen Alliance thanks you for ensuring Americans enjoy safe drinking water and clean, clear rivers 
and streams. We support your dedication to these issues and defense of the Clean Water Act across multiple 
bi-partisan efforts. Our labor and environmental partnership hopes that moving fmward, the economic case 
for strong water standards is fully factored into progressive policies that develop robust water 
infrastructure, protect water resources and deliver dean, safe drinking water. 

Sincerely, 

David Foster 
Executive Director 
BlueGreen Alliance 
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Review of the Lim no Tech "Comparison 
of Load Estimates for Cultivated Cropland in the 

Chesapeake Watershed" 

A report of the independent review conducted by the 
Program's 

Scientific and Committee 

And 
Committee for 

September 26, 2011 

STAC Publication 11-02 
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This report was prepared for the Chesapeake Bay Partnership by an independent review 
committee organized by the Scientific and Technical Advisory Committee (ST A C) of the 
Chesapeake Bay Program. The Committee for the ANPC/LimnoTech Review consisted of four 
external reviewers and six STAC members on the review steering committee: 

External Reviewers 
Richard B. Alexander, Research Hydrologist, U.S. Geological Survey, Reston, Virginia 
Theo A. Dillaha, Professor of Biological Systems Engineering, Virginia Tech 
Christopher J. Duffy, Professor of Civil Engineering, Department of Civil and 

Environmental Engineering, The Pennsylvania State University, University Park, 
Pennsylvania 

A del Shirmohammadi, Professor of Environmental Science and Technology, College of 
Agriculture and Natural Resources Associate Dean for Research, Associate Director 
of the Maryland Agricultural Experiment Station, and Affiliate Professor of Fishell 
Department of Bioengineering, University of Maryland 

STAC Steering Committee Members 
Russell B. Brinsfield, Research Associate & Center Director, Wye Research and 

Education Center, University of Maryland, Queenstown, Maryland 
Ma~jy Friedrichs, Associate Professor of Marine Science, Virginia Institute of Marine 

Science, Gloucester Point, Virginia. 
Robert M. Hirsch, Research Hydrologist, U. S. Geological Survey, Reston, Virginia 
Michael Paolisso, Associate Professor, Department of Anthropology, University of 

Maryland, College Park, Maryland. 
Donald E. Weller, Senior Scientist, Smithsonian Environmental Research Center, 

Edgewater, Maryland 
Eugene R. Yagow, Senior Research Scientist, Biological Systems Engineering 

Department, Virginia Tech 

The review committee thanks the lead developers of the two watershed models considered here 
M. Lee Norfleet, Soil Scientist, USDA Natural Resources Conservation Service, 
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About the Scientific and Technical Advisory Committee 

The Scientific and Technical Advisory Committee (ST AC) provides scientific and technical 
guidance to the Chesapeake Bay Program on measures to restore and protect the Chesapeake 
Bay. As an advisory committee, STAC reports periodically to the Implementation Committee 
and annually to the Executive Council. Since its creation in December 1984, STAC has worked 
to enhance scientific communication and outreach throughout the Chesapeake Bay watershed 
and beyond. STAC provides scientific and technical advice in various ways, including (I) 
technical reports and papers, (2) discussion groups, (3) assistance in organizing merit reviews of 
CBP programs and projects, (4) technical conferences and workshops, and (5) service by STAC 
members on CBP subcommittees and workgroups. In addition, STAC has the mechanisms in 
place that will allow ST AC to hold meetings, workshops, and reviews in rapid response to CBP 
subcommittee and workgroup requests for scientific and technical input. This will allow STAC 
to provide the CBP subcommittees and workgroups with information and support needed as 
specific issues arise while working towards meeting the goals outlined in the Chesapeake 2000 
agreement. STAC also acts proactively to bring the most recent scientific information to the Bay 
Program and its partners. For additional information about STAC, please visit the STAC website 
at www.chcsapeake.org/stac. 
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Mention of trade names or commercial products does not constitute endorsement or 
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Executive Summary 
The LimnoTech/ANPC report Comparison of load estimates for cultivated cropland in 

the Chesapeake Bay watershed analyzed the results of two Chesapeake watershed modeling 
efforts. The models were the Chesapeake Bay Program's watershed model (the CBP model, 
which was developed to evaluate actions needed to meet TMDL requirements) and a recently 
published USDA-NRCS model (CB-CEAP model) developed to quantify the effects of 
conservation practices applied to cultivated cropland in the Chesapeake Bay watershed. 
Lim no Tech is the consulting finn that prepared the report for its client, the Agricultural Nutrient 
Policy Council (ANPC), an interest group representing several agricultural trade organizations. 

LimnoTech reported differences between the CBP and CB-CEAP models and their 
results, and then recommended suspending implementation of the Chesapeake Bay TMDL until 
the differences were resolved. 

The Chesapeake Bay Partnership asked the Scientific and Technical Advisory Committee 
(ST AC, an advisory board for the Chesapeake Bay Partnership) to convene an independent, 
expert panel to review the LimnoTech report and to make recommendations concerning the 
application of multiple models in environmental management of the Chesapeake Bay. This 
report presents the findings of the review committee. 

The committee concludes that the Lim no Tech analyses have poor scientific merit and 
promote a false set of criteria by which to judge the suitability of the CBP watershed model for 
use in the TMDL implementation process. LimnoTech based its recommendations on unrealistic 
criteria for watershed model performance, inappropriate expectations for agreement between 
watershed models developed for different objectives, selective interpretation of the findings of 
the CB-CEAP report, and errors in the interpretation of the models and their results. LimnoTech 
failed to acknowledge that fundamental differences in models (such as the input data, 
assumptions, and process representations) are unavoidable because of the different objectives of 
the models and differences in the data and resources available to support each effort. 
LimnoTech's analysis also ignores the appreciable differences between the models in purpose, 
history, extent of calibration, extent of validation with independent data, level of spatial 
discretization, and degree of stakeholder involvement in model scenario development-­
differences that favor the continued use of the CBP model to inform and guide the 
implementation of management actions to meet TMDL requirements. 

When LimnoTech's errors in interpretation of model results are corrected, the results of 
the two models are more similar to each other than reported by LimnoTech. The corrected results 
indicate that the model predictions of loads are in approximate agreement despite the differences 
in model objectives, assumptions, input data, model frameworks, and spatial and temporal 
details. More importantly, the results of the two models are similar in their assessment of the 
need for implementing more management practices on cropland. 

The CB-CEAP model and its supporting data provide new knowledge and approaches 
that can inform and improve the CBP model and its application to watershed management 
planning. The review committee commends the ongoing efforts between the CBP and USDA to 
compare and integrate their data and analyses, and the committee recommends many other 
activities that could enhance the application of multiple models in managing nutrient and 
sediment pollution of the Chesapeake Bay (see section on Recommendations for Integrating 
Models). 

In summary, the review committee finds that LimnoTech's comparison of the CBP and 
CB-CEAP models is flawed and does not provide sufficient evidence to suspend implementation 
of the Chesapeake Bay TMDL. 



360 

VerDate Aug 31 2005 09:17 Jun 02, 2017 Jkt 000000 PO 00000 Frm 00366 Fmt 6633 Sfmt 6633 S:\_EPW\DOCS\24963.TXT VERNE 24
96

3.
22

6

Introduction 

The LimnoTech/ANPC report (LimnoTech 2010, 2011) compared the results of two 
watershed modeling efforts. One effort used the Chesapeake Bay Program's Chesapeake Bay 
Watershed Model (hereafter called the CBP model, USEPA 2010a), which has been developed 
and applied to plan the watershed management actions that will be needed to meet the 
requirements of the Chesapeake Bay TMDL (Total Maximum Daily Load, USEPA 2010b). The 
second modeling effort (hereafter called the CB-CEAP model), used a suite of USDA-ARS 
(Agricultural Research Service) models (APEX and HUMUS/SWAT). The CB-CEAP model 
incorporated data from the USDA-NRCS (Natural Resources Conservation Service) National 
Resource Inventory (NRI) and farmer surveys from the Conservation Effects Assessment 
Program (CEAP) to quantify the effects of conservation practices applied to cropland in the 
Chesapeake Bay watershed (USDA-NRCS 2010, 2011). LimnoTech is an environmental and 
engineering consulting firm that prepared the report for its client, the Agricultural Nutrient 
Policy Council. ANPC is an interest group whose steering committee includes members of the 
following organizations: Agribusiness Retailers Association, the American Farm Bureau 
Federation, The Fertilizer Institute, the National Corn Growers Association, the National Council 
of Farmers Cooperatives, and the National Pork Producers Council. The LimnoTech report and 
its revision are contracted products delivered to a client (ANPC), not peer reviewed scientific 
reports. 

LimnoTech observed some differences between the CBP and CB-CEAP models and their 
results, and then recommended suspending implementation of the Chesapeake Bay TMDL until 
the noted differences can be resolved (LimnoTech 2010, 2011). LimnoTech's report has been 
cited in the popular press, congressional testimony, and entered into evidence in lawsuits seeking 
to stop the implementation ofTMDL requirements. 

In March 20 II, the Chesapeake Bay Partnership asked the Scientific and Technical 
Advisory Committee (ST A C), an independent advisory board for the Chesapeake Bay 
Partnership, to convene an independent, external review panel to evaluate the LimnoTech report. 
The review panel was asked to address the following questions: 

I. Are the LimnoTech analyses and recommendations based on reasonable expectations for 
watershed models and expected differences between models? 

2. Does Lim no Tech accurately represent the two models and their results (is the report 
factually correct)? 

3. What future activities could be undertaken by CBP, USDA, STAC, or other interested 
parties to improve the application of multiple models to environmental management and 
regulation in the Chesapeake Bay watershed? 

This report presents the findings and recommendations of the review committee. Key 
findings are presented in bold type throughout the text. 
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Realistic Expectations for Watershed Models and Agreement 
between Models 

Apart from the specific characteristics and results of the CBP and CB-CEAP models that 
LimnoTech considered, their report highlights a broader issue of how alternative models should 
be used to inform but not derail the implementation ofTMDL requirements. Unfortunately, some 
of the statements in the LimnoTech report are based on misinterpretation of what watershed 
models can do and how closely alternative models that are developed and implemented for 
different objectives should agree. The following section presents some basic information about 
watershed modeling (and models in general) to provide more realistic expectations for model 
comparisons for use in evaluating the LimnoTech report and in future model comparison 
analysis. The use of models in environmental decision making is not new. The basic principles 
we summarize here were more completely developed by a panel of the National Research 
Council of the National Academies (Box I). 

Box t. National Research Council findings on models in environmental decision making. 
The National Research Council (NRC) is a neutral non-governmental scientific body chartered to provide expert 
scientific advice to the Federal Government. Some highly relevant findings from their report !vfodels in 

Environmental Regulatmy Decision Making (NRC 2007) are quoted below; 

A1odels will always be constrained by computational limitations, assumptions, and knowledge gaps, They can best 

be viewed as tools to help iriform decisions rather than as machines to generate truth or make decisions. Scientific 
advances will never make it possible to build a perfect model that accounts for every aspect of reality or to prove 

that a given model is correct in all respects for a particular regulatory application. These characteristics make 

evaluation of a regulatory model more complex than solely a comparison of measurement data with model results. 
They suggest that model evaluation be viewed as an integral and ongoing part of the life cycle of a model, from 
problem formulation and model conceptuali:::ation to the development and application of a computational tool. 

Models have a long histmy of helping to explain scientific phenomena and of predicting outcomes and behavior in 
settings where empirical observations are limited or not available. The use of models has resulted in great advances 

in scientific understanding and in improvements in a wide array of endeavors. However, by their very nature, all 
models are simplifications and approximations of the real world Complex relationships are often simplified and 

relationships viewed as unimportant are sometimes eliminated from consideration to reduce computational 
difficulties and increase transparency. 

kfodels are always incomplete, and efforts to make them more complete can be problematic. As features and 
capabilities are added to a model, the cumulative effect on model performance needs to be evaluated carefui!y. 

Increasing the complexity of models without adequate consideration can introduce more model parameters with 
uncertain values, and decrease the potential for a model to he transparent and accessible to users and reviewers. It 

is often preferable to omit capabilities that do not improve model performance substantially. Even more problematic 
are models that accrue substantial uncertainties because they contain more parameters than can he estimated or 
calibrated with available obsen•ations. 

Watershed models are essential tools for developing and implementing TMDL 
requirements. For TMDLs based on nutrient and sediment loadings, models are needed to 
estimate acceptable loads, quantify all relevant sources, and identify strategies that can be 
expected to lead to the desired load reductions. Because of the complexity of the many physical, 
chemical, and biological processes on the land and in the waters and because of the multitude of 
land-uses and point sources distributed across a large and diverse watershed, the only way to 
integrate the information is through the use of a watershed model that can integrate all of the 
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relevant data and process descriptions. In order for the model to be useful to the TMDL process, 
the model's output must be compared with monitoring data at a large number oflocations in the 
watershed to determine if it provides a reasonable approximation of the actual status and trends 
of water quality in the watershed and to better understand the uncertainties associated with the 
model's predictions. It must use validation1 periods that were not used in model calibration in 
order to develop confidence in its ability to provide useful estimates of the water-quality 
outcomes of likely and proposed future changes in the watershed. 

Despite their critical importance in watershed management, models are imperfect. The 
best models are only approximations of the real world. Model complexity is limited by computer 
power, input data requirements, data availability, and by the tendency for additional model 
complexity to increase model uncertainty. Sources of data about landscape and river 
characteristics all have limits of accuracy and spatial resolution, and the same is true for 
representations of human activities on the watershed (not only for agriculture but also for urban 
and industrial activities). Key data to properly represent important processes are often 
unavailable. It is not possible to include all the relevant processes and information in a model, 
and more complex representations of processes do not necessarily improve a model, particularly 
when the data to estimate key parameters are lacking (Box I). 

The practical limits on model complexity and available data require that modelers focus 
on factors important to model objectives and deemphasize or eliminate less important 
complexities. The choices are driven by model objectives, available data, and available modeling 
resources. Simplifications and approximations are a necessary and appropriate aspect of models 
(Box I). It is inevitable that models with different objectives and resources will use different 
frameworks, make different simplifYing assumptions, operate on different time scales, rely on 
different inputs, and produce different outputs. The resulting diversity in modeling approaches is 
scientifically valuable because the range of outcomes from multiple models provides a first order 
indication of the uncertainty in model predictions. This information can guide future model 
development to reduce uncertainty. When model predictions are used in making management 
decisions, the range of outcomes can help quantifY appropriate margins of safety that account for 
the uncertainty in model results. 

In contrast to the wisdom of the NRC experts (Box I) and the basic principles 
summarized above, LimnoTech's recommendations are built upon false expectations for 
watershed models. Given that no model can be complete or perfect, LimnoTech's (2010, 2011) 
admonition to ensure that the CBP model is "correct" before proceeding with implementing the 
TMDL is a false expectation. Models cannot be "correct", but they can be reasonable and useful 
for their objectives. For water quality management models, reasonableness can only be judged 
by evaluation of the conceptual underpinnings of the model, the input data, and demonstration of 
the ability to simulate approximate water-quality conditions and changes in those conditions at 
watershed scale. 

LimnoTech's (20 I 0, 20 II) demand that all the differences in assumptions, input data, 
model frameworks, time scale, etc. between the CBP and CB-CEAP models should be resolved 
before TMDL implementation can proceed is again a false expectation. Both of the models 
examined by LimnoTcch are intended to determine relative impacts of different land uses and 
land management practices under varying climatic conditions over time. However, each has its 

1 Throughout the report we use the term "validation" to represent the activity of testing a model's ability to predict 
observed !low or water quality data that have not already been used in model development or calibration. 
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specific objectives, so the two models use different mathematical algorithms and require 
different input data to achieve their intended goals. A CB-CEAP model effort with the same 
level of effort that has been used in developing, calibrating, and evaluating the CBP model 
would likely take years and require hundreds of thousands to millions of dollars of additional 
investment that we believe could be better spent in implementing the TMDL and adaptively 
assessing water quality responses to implementation. 

LimnoTech states that the CBP model and the EPA require "the TMDL to be accurate to 
a single pound." Measures of uncertainty are intrinsically reflected in the margin of safety for the 
TMDL, and thus imprecision is acknowledged to be present both in the models and in the 
statement of the TMDL. It is unclear where LimnoTech obtained the notion that the EPA expects 
TMDLs to be accurate to a single pound because no TMDL has or will ever likely obtain such 
accuracy, and most watershed modelers would concur that such a goal is folly. 

Based on our review, the committee finds that the Lim no Tech analyses and 
recommendations promote a false set of criteria by which to judge the suitability of the 
CBP watershed model for use in the TMDL development and implementation processes. 
LimnoTech's recommendations are based on false expectations about the capabilities of 
watershed models and how much agreement should be expected among alternative models built 
to accomplish different objectives as well as a misunderstanding of the role that models play in 
informing the TMDL development and implementation. 

A major concern ofthe review committee is that LimnoTech failed to recognize that 
fundamental differences in models, (such as the inpnt data, assumptions, and process 
representations) are unavoidable because of the different objectives of the models and 
differences in the data and resources available to support each effort. The development of 
multiple modeling approaches in the Chesapeake Bay watershed reflects a natural evolution of 
the watershed science and management activities in the region. This is entirely appropriate and 
can be beneficial to the TMDL process over the long term. The existence of multiple models 
docs not impugn the utility or validity of the individual models for their intended purposes. The 
separate CB-CEAP and CBP modeling efforts represent an opportunity to enhance the CB 
modeling framework and the TMDL development and implementation processes through 
collaborative evaluations and further development of the models by the EPA and USDA. 
However, the review committee finds that the existence of differences in the models and 
model predictions provides an insufficient basis for suspending the existing TMDL 
implementation efforts as called for by LimnoTech. 

The review committee hopes that the general information on realistic expectations for 
watershed models that we have summarized here will help future model comparisons avoid 
misinterpretations and flawed recommendations like those offered in the LimnoTech report. 
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Key Characteristics of the CBP and CB-CEAP Models 

The CBP and CB-CEAP models were developed for different purposes (Table 1). The 
developers of each model chose simplifying assumptions, model frameworks, time steps, 
simulation periods, and data sources that were appropriate for their specific model objectives. 
The two models were subjected to different levels of calibration, validation, and peer review. 
Key characteristics of the development and application of the two models to the Chesapeake Bay 
watershed are summarized in Table I and presented in more detail in the succeeding text. 

Table I. Overview of differences between the CBP and CB-CEAP models. 

Purpose 

History 

Peer review 

Model oversight and 
technical team 

Simulated time period 
and time step 

Calibration and 
validation1 

CBPModel 
Quantify and improve our understanding of 
the contributions of all point and nonpoint 
source loadings of pollutants to the 
Chesapeake Bay with an ultimate goal of 
developing comprehensive strategies that can 
be expected to improve Chesapeake Bay water 
quality such that it meets agreed-upon goals. 

A succession of models developed and 
improved over a period of 30 years, with 
many publications of model description and 
performance information over that time frame 

Components of the model have been 
published in the peer-reviewed literature. 
External scientific panels have published 
reviews and recommendations on the 
complete model system (Band et al. 2005, 
2008) and the land usc (Pyke et al. 2008, Pyke 
2010) and BMP (Pease et al. 2007, 2008) 
compon(mts 

Chesapeake Bay Partnership: USEPA, USDA, 

CB-CEAP Model 
Quantity the effects of conservation 
practices commonly used on cultivated 
cropland in the Chesapeake Bay region, 
evaluate the need for additional 
conservation treatment in the region, and 
estimate the potential gains that could be 
attained with additional conservation 
treatment. 

The application of this suite of models to 
the Chesapeake Bay was first made 
available for public review in October, 
20 I 0 and in final form in February, 20 II 

Components of the model have been 
published in the peer-reviewed literature. 
Individual external revievv·ers examined 
draft versions (e. g., USDA-NRCS 2010) 
of the initial report on applying the 
complete model system to the Chesapeake 
Bay watershed (USDA-NRCS 2011) 

USGS, Maryland, Virginia. Interstate USDA and universities 
Commission on the Potomac River Basin, and 
universities 

21-year simulation period of which 10-years is 
used as TMDL baseline. Time step is hourly 

Locations throughout the Chesapeake Bay 

47-ycar simulation period. Time step is 
daily 

watershed (237Jocations for flow, 215 for 5locations within the Chesapeake Bay 
total phosphorus, 200 for suspended sediment, watershed (Kannan et a!. 20 II) 
115 for total nitrogen, 216 for ammonium-
nitrogen and 219 for nitrate-nitrogen, (US EPA 
2010a, Table 11-1) 

'we use the term "validation" throughout the report to represent the activity of testing a model's ability to predict 
observed flow or water quality data that have not already been used in model development or calibration. 
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The current Phase 5.3 version ofCBP model (US EPA 2010a) was developed over a 30-
year period and the current version meets the needs of the TMDL development process. The 
CBP model is linked to the estuarine water quality model that is used to identify impairments in 
the Bay and to evaluate whether nutrient and sediment reductions from proposed management 
actions can remove those impairments. The CBP model has been developed by the collaboration 
ofUSEPA Chesapeake Bay Program, the U.S. Geological Survey (USGS), the Interstate 
Commission on the Potomac River Basin, the Maryland Department of the Environment, the 
Virginia Department of Conservation and Recreation, and the University of Maryland. Through 
an interactive and iterative process of development, testing, review, and improvement; each 
successive version of the model has added more detail, more process representation, better input 
data sets, and finer temporal and spatial representation of the watershed. Technical direction has 
come from several groups within the Chesapeake Bay Program structure: The Water Quality 
Goal Implementation Team, the Modeling Workgroup, and the Agricultural Nutrient and 
Sediment Reduction Workgroup, the Urban Stormwater Workgroup, the Forestry Workgroup, 
and the Wastewater Workgroup. The current co-chair of the Agricultural Nutrient and Sediment 
Reduction Workgroup works for the USDA. 

The model is spatially complex and has 1185 spatial segments in the Chesapeake 
watershed. Those segments average 54 square miles in area. The model simulates rainfall, 
runoff, subsurface flows, and evaporation from landscapes including forest, agricultural and 
urban lands. It models soil erosion and pollutant loadings from the land to the rivers and 
considers the role of a wide range ofBMPs in reducing these sediment and pollutant inputs. 
Expert panels have been convened to develop the appropriate reduction factors based on 
available studies. The CBP model simulates the downstream movement, deposition, and 
transformation of sediment and pollutants through lakes, rivers and reservoirs. These simulations 
use an hourly time step. The calibration period is 21 years, and simulations for TMDL analyses 
are run for ten years. The model produces time series of concentrations and loadings to the Bay, 
which are processed by the estuary model to estimate impacts on water quality and ecological 
outcomes in the Bay. 

The model is calibrated and validated at water-quality monitoring sites throughout the 
basin (Table 1). A number of key parameters are adjusted in this process to improve the match 
between observed and predicted fluxes at these monitoring locations. 

Components of the CBP model, such as the HSPF model (Hydrologic Simulation 
Program FORTRAN), have been the subject of many peer-reviewed publications, and the 
complete CBP model system has been peer reviewed by independent committees (Band et al. 
2005, 2008). Independent peer reviews have also examined the land use and land cover data 
(Pyke et al. 2008, Pyke 2010) and the efficiency estimates of best management practices (Pease 
et al. 2007, 2008) used in the model. 

The CB-CEAP model of the Chesapeake Bay watershed was developed recently as part 
of a nationwide effort to assess the effects on conservation practices on nutrient and sediment 
losses from cultivated cropland. Although the CB-CEAP model incorporates a number of 
agricultural and hydrologic process simulation models that have been developed over many 
years, the full analysis of the Chesapeake Bay watershed was first released for review in August 
2010, a revised draft was released for further comment in October 2010 (USDA-NRCS 2010), 
and the final version was released in February 2011 (USDA-NRCS 2011). The CB-CEAP 
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model was used to explicitly quantify the effects of conservation practices commonly used on 
cultivated cropland in the Chesapeake Bay region, to evaluate the need for additional 
conservation treatment in the region, and to estimate the potential gains that could be attained 
with additional conservation treattnent (USDA-NRCS 2010, 2011). 

The CB-CEAP effort used a suite of models to extrapolate results from field level crop 
surveys to the entire Chesapeake Bay watershed. Field level crop data for the years 2003-2006 
were obtained at 771 NRI sample areas (averaging approximately 0.5 square mile in area) within 
the Chesapeake Bay watershed. Sets of unique cropland hydrologic response units (HRUs) were 
then aggregated within each of the four 4-digit HUCs in the Bay watershed (averaging 
approximately 16,000 square miles) and simulated with the APEX model. The SWAT model 
was then applied to the cropland HRU per-acre loads from the APEX model together with 
cropland distribution data and data from the HUMUS database to simulate cropland HRU loads 
within each of the fifty-five 8-digit HUCs in the Bay watershed (averaging approximately 1,160 
square miles). The temporal resolution of the model was daily. The duration of the simulation 
was a 47-year period, but the baseline land usc and land management conditions reflect the years 
2003-2006. Soil processes were modeled in detail for agricultural lands. 

Observed annual flux estimates for sediment, total phosphorus, and total nitrogen were 
compared with model output at five sites (three on the Susquehanna River and one each on the 
Potomac River and the James River). 

The component parts of the model (SWAT, HUMUS, and APEX) appear in many peer 
reviewed publications. Drafts of the report on the integration of the component models and their 
application to the Chesapeake Bay watershed (USDA-NRCS 2010) were examined by individual 
external reviewers before the report was published in final form (USDA-NRCS 2011). We are 
aware of no external review publications that evaluate the application of the model to the entire 
Chesapeake watershed. 

One major concern with comparing the CBP and CB-CEAP model results is that the 
sample size of the CB-CEAP survey of farmer practices on cultivated cropland is too small to 
allow reliable and defensible reporting of results for areas smaller than a 4-digit hydrologic unit 
code (HUC) subregion (USDA-NRCS 2011, page 19). There are four 4-digit HUCs (numbers 
0205, 0206, 0207, and 0208) within the CB watershed with an average area of 16,000 square 
miles. They are the Susquehanna River Basin, the Potomac River Basin, the Upper Chesapeake 
Eastern and Western Shores, and the Lower Chesapeake (which includes the Rappahannock, 
York, and James Rivers and other minor tributaries of the lower eastern and western shores of 
the Bay). 

Differences the models 
These brief descriptions of the CBP and CB-CEAP models reveal some important 

differences between the two models. The CBP model was developed specifically as a tool for 
understanding and managing all major sources of pollution in the Chesapeake Bay watershed. 
The CBP model is designed to assimilate the best available knowledge to account for nutrient or 
sediment sources and possible reductions in the loads from all source sectors (not just cultivated 
cropland). In contrast, the CB-CEAP model was developed to estimate the effects of 
conservation practices that were applied to cultivated cropland during the period 2003 to 2006 
(USDA-NRCS 2011 ). Consequently, the CB-CEAP model emphasizes cropland and does have 
more field-scale detail for cropland than the CBP model. However, CB-CEAP contains less 
detail than the CBP model for other nutrient and sediment sources, and CB-CEAP does not 
consider BMPs for non-cropland sources. 



367 

VerDate Aug 31 2005 09:17 Jun 02, 2017 Jkt 000000 PO 00000 Frm 00373 Fmt 6633 Sfmt 6633 S:\_EPW\DOCS\24963.TXT VERNE 24
96

3.
23

3

In their report and recommendations, LimnoTech ignored differences of more than an 
order of magnitude in the level of discretization of subwatersheds. The CB-CEAP watershed 
discretization for its SWAT watershed modeling was done at the 8-digit HUC scale. There are 55 
8-digit HUCs within the Chesapeake Bay watershed, so the CB-CEAP simulates the 64,000 mi2 

Chesapeake Bay watershed as 55 subwatersheds averaging 1,160 mi2 each. In contrast, the CBP 
model is discretized at a much finer scale-it has 1,185 subwatersheds (river segments) 
averaging 54 mi2 each. Consequently, the spatial scale for reporting the results from the CB­
CEAP model is much coarser than the scale applied in the CBP model to support the TMDL 
allocation process. LimnoTech also ignored the differences in the calibration and validation 
efforts of the two modeling approaches. The CBP model was extensively calibrated and 
validated to stream monitoring data at locations throughout the Chesapeake watershed (Table I) 
while the CB-CEAP model was only calibrated and validated at five locations in the watershed. 
The differences in levels of calibration and validation are significant concerns in the comparison 
of model output. The review committee is not criticizing the CB-CEAP effort for its level of 
discretization, calibration, and validation. The levels of discretization, calibration, and validation 
ofthe CB-CEAP program were appropriate for the purpose of the CB-CEAP effort. However, 
we are critical ofLimnoTech's report and recommendations because they fail to acknowledge 
that the scale of information and levels of calibration and validation in the CBP model were 
chosen for the model's purpose in supporting the TMDL implementation effort. 

The review committee finds that LimnoTech's comparison of the two modeling 
efforts and the resulting recommendations are unrealistic because the two modeling efforts 
were developed for different purposes and because the levels of hydrologic discretization, 
calibration, and validation differed by more than order of magnitude between the two 
models. Consequently, the review panel concludes that it is scientifically unreasonable to 
expect the two modeling efforts to be in agreement to the extent suggested by Lim no Tech. 

LimnoTech also ignores the appreciable differences in the history and purposes of the use 
of two modeling systems in the Chesapeake Bay Watershed. The review committee finds that 
LimnoTech ignores the attributes of the CBP model that favor its continued use to inform 
aud guide the TMDL process. These attributes include the long-term linkages of the CBP 
watershed model to the estuarine model and their coupled association in developing the 
Chesapeake Bay TMDL, the long standing peer review and evolution of the CBP watershed 
model, stakeholder involvement in model reviews and the selection and evaluation of a broad 
range of pollution management scenarios (i.e., point and nonpoint reductions), and the extensive 
use of measurements from up to 237 stream and river monitoring sites in the Chesapeake 
watershed to calibrate and validate the model (Table 1 ). These attributes of the CBP modeling 
process stand in stark contrast to those of the relatively new CB-CEAP model, which has a more 
limited focus, a much shorter history, much less calibration and validation with stream and river 
measurements, and less independent peer review or stakeholder evaluation of the model results at 
the Chesapeake Bay watershed level. 
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Box 2. Modeling BMP effectiveness. 
To predict how nutrient and sediment loadings respond to possible watershed management actions, a 

watershed model must integrate physical, chemical, biological, ecological, economic, and social processes. for 
many pollution control practices (conservation or best management practices, BMPs), knowledge of the outcomes is 
always imperfect. Key difficulties in quantifYing nutrient or sediment reductions arise from several difficult 
problems: I) identifying how BMPs perform in "the real world" versus a very carefully controlled research 
environment, 2) how the BMPs perform over time, 3) how multiple BMPs applied to a given parcel ofland interact 
with each other, 4) how the BMPs influence not only the direct surface delivery of nutrients to streams, but also their 
delivery over periods of years to decades through the groundwater system (which ultimately may deliver those 
nutrients to the streams at a substantial distance from the fields where the practice is applied), and 5) how many 
BMPs are actually implemented in the watershed and whether they are being well maintained over time. Evaluating 
effectiveness is a daunting challenge that needs the expertise of many disciplines and long-term monitoring of the 
actual water-quality outcomes ofBMPs in the modeled watershed. Enhancing the reliability of any watershed 
model for use in TMDL analysis requires verifications of actual improvements in water quality due to changes in 
practices and sources at many scales over many years. 

The CBP model deals with these questions through the use of expert panels that incorporate information 
ffom the best available research studies and modeling analysis to describe the anticipated outcomes of a wide range 
ofBMPs. The results of many USDA studies arc included in CBP model estimates ofBMP effectiveness, and the 
new results from the CB-CEAP analysis can be useful additions to this body of knowledge. But, it must be stressed 
that estimation of the water-quality benefits of conservation practices is still highly uncertain and needs to be further 
informed by many sources of information, especially by comparisons between predicted changes in water quality 
and water quality observations integrated over large areas and long time periods. 

The CB-CEAP analysis does not, and was not intended to verify the in-stream effects of conservation 
practices, because the approach does not include any analysis of observed water quality before and after BMP 
implementation (USDA-NRCS 2011). Instead, the conservation-related changes in water quality as described in the 
CB-CEAP model report are simply the results of model simulations that switch conservation practices '"on" and 
"off', based on knowledge of the types and locations of practices ffom CEAP survey data and model assumptions 
about the effects of these practices on nutrient and sediment losses from cultivated lands. 
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Critique of Specific LimnoTech Report Analyses 

LimnoTech listed several specific concerns about differences between the two models, 
related to assumptions about cropland area and the effects of conservation practices, the model 
frameworks and process representations (hydrology, time step, and simulation time period), and 
model load predictions. LimnoTech argued that the differences in these attributes of the models 
are sufficient to warrant a delay in implementing the Chesapeake Bay TMDL requirements until 
the models can be fully reconciled. The review committee assessed the factual basis for the 
model statistics as reported by LimnoTech to determine whether the model comparisons were 
conducted in a fair manner (or were misrepresented) and whether the comparisons used the best 
available information reported for each of the models. Several of the most significant errors in 
the LimnoTech report are described below. 

The review committee finds that LimnoTech committed notable errors in their 
comparisons of the loads of both models, such that the load values reported in the 
LimnoTech report tables and figures are not accurate (Tables 2-4). LimnoTech used CBP 
model predictions for 2009 land use and land management conditions rather than results that are 
available for 2005, which are more comparable to the 2003-2006 conditions considered by the 
CB-CEAP model. In addition, LimnoTech compared controllable nutrient or sediment loads 
from the CB-CEAP model to total nutrient or sediment loads from the CBP model. The total load 
from crop fields can be divided into two components, the background load that would be 
expected if the fields were in a non-agricultural use (like grassland or forest) and the additional 
load (the controllable load) generated by agricultural activities (tillage, fertilization, manure 
application, etc.). One could legitimately compare controllable loads from the CBP to 
controllable loads from CB-CEAP, or CBP model total loads to CB-CEAP total loads. However, 
the comparison ofCB-CEAP controllable load to the CBP model total loads as presented in the 
LimnoTech report is an "apples to oranges" comparison. 

The review committee finds that when errors in LimnoTech's interpretations of the 
CB-CEAP nutrient and sediment loads are corrected, the simulated nutrient and sediment 
loads from the two modeling efforts are closer to each other than reported by Lim no Tech. 
For nitrogen and sediment (Table 2), the committee calculates that differences between the total 
agricultural loads of the two models for nitrogen and sediment are IS% and 29%, respectively. 
By contrast, the differences in loads as reported by LimnoTech (28% and 67%, respectively) 
were about twice as large as the corrected estimates. Even without the corrections, the review 
panel believes that, given the uncertainties associated with the predictions of the two modeling 
efforts (and watershed models in general), the predictions are within the likely margins of error 
of the two models and are therefore probably not significantly different. The difference between 
the corrected load estimates of the two models for phosphorus (28%) is similar to that reported 
by LimnoTech (26%). Corrected estimates of the differences between the two models in the 
estimated fractions of the total agricultural load entering the Chesapeake Bay from four major 
regional basins (Table 3) are within about 6% for nitrogen for all but one basin (Upper 
Chesapeake) and within I 0% for phosphorus for two basins, with differences of about 40% 
observed for phosphorus in the other two basins (Susquehanna, Lower Chesapeake). For 
sediment, differences in model predictions range from about I 0% to 20% for all but one basin 
(Upper Chesapeake). 



370 

VerDate Aug 31 2005 09:17 Jun 02, 2017 Jkt 000000 PO 00000 Frm 00376 Fmt 6633 Sfmt 6633 S:\_EPW\DOCS\24963.TXT VERNE 24
96

3.
23

6

Table 2. LimnoTech (2011) and corrected estimates oftota1 agricultural loads delivered to the Bay. 
Nitrogen ( 1000 pounds) Phosphorus (I 000 pounds) Sediment ( 1000 tons) 

Analysis CB-CEAP CBP Ratio* CB-CEAP CBP Ratio* CB-CEAP CBP Ratio* 
LirmoTech 142.1 lll.l 1.28 5.4 7.3 0.74 850 2585 0.33 
Corrected 148.5 128.7 1.15 5.8 8.1 0.72 2018 2850 0.71 
*Ratio ofCB-CEAP to CBP predicted load. 

Table 3. Corrected tractions of the total agricultural loads delivered to the Bay from major basins. 
Nitrogen Phosphorus Sediment 

(percent of total load) (percent oftotalload) (percent of total load) 
Basin CB-CEAP CBP Ratio* CB-CEAP CBP Ratio* CB-CEAP CBP Ratio* 

Susquehanna 53.1 55.3 0.96 34.8 24.6 1.42 37.8 34.0 1.11 
Upper Chesapeake 16.1 12.4 1.30 19.6 18.3 1.07 12.4 7.0 1.77 
Potomac 20.6 22.0 0.94 28.6 29.9 0.96 28.4 32.3 0.88 
Lower Chesapeake 10.2 10.3 0.98 17.0 27.2 0.62 21.4 26.7 0.80 
*Ratio ofCB-CEAP to CBP percentage. 

Based on the corrected CB-CEAP loads (Table 2), predictions of the percentages of the 
total loads delivered to the Bay that are attributed to agriculture by the two models (Table 4) 
show close agreement for nitrogen and phosphorus. For nitrogen, cropland represents 31% and 
32% of the total loads from the CB-CEAP and CBP model simulations, respectively, whereas 
total agricultural loads (from crop, hay, and pasture lands and from animal feeding operations) 
represent 48% and 47%, respectively. For phosphorus, cropland represents 25% of the total loads 
in both models, whereas agricultural loads represent 39% and 45%. The agricultural sediment 
loads show much larger differences-i.e., 15% and 35% reflect cropland contributions to the 
total loads, whereas 30% and 66% reflect agricultural contributions for the CB-CEAP and CBP 
models, respectively. 

Table 4. Corrected predictions of the percentage of the total load attributed to cropland and total agricultural 
sources. 

Nitrogen 
(percent oftotalload) 

Agricultural Source CB-CEAP CBP Ratio* 
Cropland 31 32 0.96 

Total agriculture" 48 47 1.02 
*Ratio ofCB-CEAP to CBP percentage. 

Phosphorus 
(percent of total load) 

CB-CEAP CBP Ratio* 
25 

39 

25 

45 

1.01 

0.87 

#Loads from crop, hay, and pasture lands and from animal feeding operations. 

Sediment 
(percent of total load) 

CB-CEAP CBP Ratio* 
15 35 0.44 

30 66 0.45 

The review committee finds that the differences in the loads attributed to cropland 
and total agriculture between the CBP and CB-CEAP models are small, especially in view 
of the acknowledged differences in the characteristics and purposes of the two modeling 
efforts. This offers encouragement that, at least over very large spatial scales, the models display 
many similarities in nutrient and sediment loadings. More importantly, the results of the two 
models are similar in their assessment of the need for implementing more management 
practices on cropland. The similarities in load estimates are generally consistent with CB­
CEAP and CBP modeling reports of model calibration and validation results, which show 
evidence of approximate agreement between the predictions of both models and monitored loads 
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(monthly and annual) for several of the largest watershed outlets in the Chesapeake Bay region 

(Kannan eta!. 2011, US EPA 2010a, Phase 5.3 Model Calibration). However, the review 

committee cautions that these comparisons alone provide an insufficient basis for evaluating 

differences in the performance of the two models. More systematic evaluations (such as those 

already initiated by the USDA and the CBP) are needed to assess differences in the dynamics of 

the models and the load response to a range of key processes, including hydrology and 

agricultural practices. Evaluations are also needed of the performance of the models, particularly 

CB-CEAP, against available stream monitoring data across a wider range of spatial scales. 
LimnoTech also argues that differences exist between the two models in their 

assumptions about current agricultural practices and the magnitude and location of managed load 

reductions that arc likely to be attainable to satisfy the TMDL requirements. The review 

committee finds it unremarkable that the models evaluate the outcomes (downstream effects) of 

different management scenarios differently given that the two modeling efforts clearly have 

different objectives. These differences in scenario outcomes are not indicative of weaknesses or 

inconsistencies in the models, but instead reflect the different intended uses and designs of the 

models. For example, the CB-CEAP management scenarios were designed to illustrate potential 

environmental benefits based on model assumptions about the controlling processes and the 

effectiveness of agricultural BMPs. The USDA acknowledges that their scenarios were not 
designed to represent actual options for the Chesapeake Bay region (USDA-NRCS 20 I 0, 20 II). 

In contrast, the CBP model scenarios are based on stakeholder input and reflect a summary of 

state and local governmental choices about feasible pollution management actions. The CBP 

model scenarios are based on the development of watershed implementation plans (WIPs) by 

state and local stakeholders that describe how each jurisdiction will meet its share of the TMDL­

related nutrient and sediment reductions. The review committee's understanding is that these 

stakeholders (not the CBP) proposed how much of the necessary load reduction will be achieved 

by the agricultural sector and what type of management practices were included in each state's 

WIP to meet their target TMDL loads. Therefore, the assumed 20% change in cropland acreage 

(conversion of cropland into other land uses) that is cited as a concern by LimnoTech actually 

reflects the integrated outcome of a mix of state and local choices and serves to represent the 

aggregate effects of this collection of management activities in the model. 
Finally, LimnoTech argues that there is an inconsistency in the nutrient and sediment 

yields between the two models at the field scale that may relate to differences in the scale of the 

CBP model calibration and the information used to inform the estimates in the CB-CEAP suite 

of models. LimnoTech suggests that the CBP model yields for cropland are not accurate because 

there is no calibration at the "edge-of-field", and that the larger scale calibration can lead to 
field-scale estimates that are too high or low, relative to the approach used in the CB-CEAP 
model to represent field-scale export. However, the CB-CEAP study did not conduct edge-of­

field calibrations and validations either, and CB-CEAP makes no claims of edge-of-field 
accuracy. Instead, the CB-CEAP report states that the statistical sample used to estimate BMPs 

for cultivated cropland is too small to allow reliable and defensible reporting of results for areas 

smaller than a 4-digit hydrologic unit code subregion (USDA-NRCS 2011, page 19). These 

regions average about 16,000 square miles in area. It is also important to note that the USDA 

APEX model applications to the Chesapeake Bay regions were not calibrated to field data for the 

region. Instead, USDA APEX predictions of mnoff from cropland are based on" field studies that 

reflect farm runoff under a range of climatic and soil conditions and conservation practices 

nationwide; these conditions may not be fully representative of those in the Chesapeake Bay 
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region. The lack of formal calibration of the CB-CEAP model (SWAT), except at the 4-digit 
HUC scale, to monitored load data for Chesapeake Bay streams raises questions about how well 
the CB-CEAP predictions of nutrient and sediment runoff from croplands reflect actual 
conditions. It is the opinion of the review committee, that despite the recognized shortcomings of 
the CBP and CB-CEAP models, the extensive use of stream monitoring data to calibrate the CBP 
model is an informative modeling practice that helps provide equitable and balanced local and 
regional predictions of nutrient and sediment export from cropland and other land uses and 
delivery to downstream waters. Evaluations of the performance of both models against 
commensurate measurements of water quality should be conducted across a wide range of 
locations and conditions in the watershed to provide a more informed understanding of model 
differences. The Committee is concerned that LimnoTech failed to consider or discuss this more 
appropriate method for evaluating model performance. 

Differences in areas 
LimnoTech noted a 2.1% difference between the CBP and CB-CEAP models in the 

estimated total area of the CB watershed (LimnoTech 2011). Such a difference could arise from 
differences in the topographic data, stream maps, or analysis procedures used to map watershed 
outlines. The review committee did not pursue the difference in watershed areas, but believes it 
is an appropriate topic to consider in the follow-up efforts of USDA and EPA model 
comparisons (see the section on Recommendations for Integrating Models). 

Differences in agricultural land area 
LimnoTech also notes that the CBP and CB-CEAP models differ in the amounts of 

agricultural land, including USDA's reporting of additional acreage in conservation tillage. The 
acres of conventional-tilled acres versus conservation tilled acres vary considerably between the 
two reports and this concern is legitimate. The Chesapeake Bay Program (CBP) estimates of the 
two types of cropland were derived from state inventories of cost-shared BMPs and the latest 
distributions between the two types by county from the Conservation Tillage Information Center 
(CTIC, Gary Shenk, USEPA-CBP, personal communication). Unfortunately the latest data from 
CTIC was in 2002, so these data are not reflective of recent shifts between the two. While the 
percentage of conservation tillage varies from county to county, the cited overall average of 50% 
gives the impression that this was some arbitrary value. The CBP also acknowledges that these 
values are low and do not include acreages of conservation tillage implemented on a voluntary 
basis, which could be substantial. The NRC Review Committee concluded that "a consolidated 
regional BMP program to account for voluntary practices and increase geo-referencing of BMPs 
presents opportunities to improve the tracking and account process (NRC 2011 ). CBP is 
currently working with the states to incorporate verified voluntary conservation tillage acreages 
in their annual inventories. The review committee finds that agricultural areas are closer in size 
when Conservation Reserve Program areas (CRP) and hay/pasture rotations are treated 
equivalently. Currently the CB-CEAP model counts CRP land as agricultural land, whereas the 
CBP model does not. Therefore, the inclusion of CRP and hay areas may explain the higher 
agricultural land area in the CB-CEAP model (Lee Norfleet, USDA-NRCS, personal 
communication). 
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The CB-CEAP report states that producers use some kind of residue, tillage, or structural 
management practices on 94% of cropped acres. The LimnoTech report quotes CB-CEAP as 
saying that producers use residue, tillage, structural practices on 96% of cropped acres. In the 
CBP model, about 90% of cropped acres have at least one conservation practice applied to them. 

LimnoTech acknowledges that the CBP model has been tested and reviewed, but 
expresses concerns that the "scenario builder" component has not been reviewed and its accuracy 
is unknown. Lim no Tech states that "Scenario Builder is not a complete agricultural model and it 
has significant limitation. It was not designed to be full crop growth model ... [and] is used to 
represent farm scale operations." The review committee agrees that the scenario builder is a key 
component of the CBP modeling framework and is important in representing the level of 
implementation and effectiveness ofBMPs in the CBP model. However, scenario builder is not 
a simulation, but a tool for assembling the inputs needed to represent particular scenarios 
(US EPA 2010a, Scenario Builder Documentation). Those inputs are in turn supplied to the CBP 
watershed simulation model, which handles the crop simulation. It is the opinion of the review 
committee that the scenario builder and its role in the CBP model have been extensively 
reviewed by stakeholders in several workgroups within the Bay program, and it has been judged 
adequate for its intended purpose at the current time. The underlying BMP efficiency data have 
been examined by external peer review committees (Pease et al. 2007, 2008). We agree that the 
scenario builder should evolve over time to better represent BMPs in the CBP model system, and 
we believe that the CB-CEAP modeling approach may provide useful insights for achieving 
those improvements. 

committee is concerned that LimnoTech is misinformed about how the CB-CEAP 
and CBP models characterize agricultural practices. First, LimnoTech asserted that the CBP 
model lacks temporal variability in agricultural practices. This is not the case as both the CB­
CEAP and CBP models account for temporal variations in a variety of practices, including crop 
rotations and management practices. Second, LimnoTech cites differences in how animal manure 
sources are simulated in the two models. These differences are explained by fundamental 
differences in the structure of the two models and the importance assigned to these sources by 
the model developers. The CBP model includes estimates of manure nutrient runoff from animal 
feeding operations, which are considered to be an important agricultural source of nutrients that 
must be evaluated as part of the TMDL process. In contrast, the CB-CEAP model divides all 
manure into a recoverable fraction (which is applied to cropland, hay land, and pasture) and a 
non-recoverable fraction, which is assumed to be dispersed onto pasture land (Lee Norfleet, 
USDA-NRCS, personal communication). CB-CEAP's simulation of nutrient runoff from animal 
feeding operations is less explicit than the treatment in the CBP model because the primary 
purpose of the CB-CEAP model is to evaluate the effectiveness of farm conservation practices 
on cultivated cropland. The review committee agrees with LimnoTech that the CB-CEAP model 
includes many realistic details about agricultural operations and management (e. g., crop 
rotations, more levels of tillage [no-till, mulch till, conventional till], actual nutrient management 
practices, etc.) that are not considered in the CBP model. However, comparisons to observed 
nutrient and sediment loads must still be done to determine if the additional model detail actually 
yields better predictions of nutrient and sediment loads. 
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Recommendations for Integrating Models 

The existence of multiple models for the Chesapeake Bay watershed can help to inform 
science and management efforts to reduce nutrient and sediment pollution. Although the new 
CB-CEAP analysis does not provide information to delay TMDL implementation, the CB-CEAP 
model framework does provide valuable information that can inform and improve the CBP 
model and its future application to the TMDL. CBP and USDA modelers have already begun 
integrating their two approaches. The modelers began talking informally in the summer of 20 l 0 
(before the publication of both the CB-CEAP and LimnoTech reports to compare results and 
consider possible collaborations. Those efforts have matured into a formal agreement to 
undertake a range of cooperative activities to identify where information from the two activities 
can be effectively harmonized and where NRI and CEAP results can inform TMDL modeling 
with the CBP model (see Appendix). The review committee commends the two agencies for 
undertaking these collaborative activities, and offers suggestions for additional integrative and 
collaborative activities below. 

The Cl:lP to CB-CEAP comparison docs not support 
implementation 

The review committee finds no reasonable scientific basis to support LimnoTech's 
admonition to delay the implementation of the Chesapeake Bay TMDL. The existence of 
differences between the CBP and CB-CEAP models does not support a delay. Differences are 
expected because the two models were developed for different purposes and exploited different 
approaches and data sources that were appropriate for their individual objectives. Delaying the 
TMDL to resolve all the differences and build a so-called "correct" model will only delay 
Chesapeake Bay restoration. The CBP and CB-CEAP models both indicate that additional 
agricultural conservation practices for cropland are needed, and there is little risk that initial 
management actions will go farther than is needed. 

Implement TMDL in an adaptive 
Adaptive management (not delay or inaction) is the proper response to uncertainty in 

knowledge, including differences between models. Adaptive management (Box 3) arose from 
the recognition that uncertainty is inherent in natural systems, yet management actions cannot be 
indefinitely delayed until knowledge is complete and uncertainties are resolved (NRC 20 II). 
TMDL plans should use adaptive management methods (e. g., NRC 2011) to ensure that 
programs are not halted for lack of information, but rather progress while better information is 
collected (NRC 2001). That new information will reflect changes in the watershed and new 
understanding gained from ongoing water quality monitoring and modeling and from new 
research on water quality responses to management actions. With adaptive management, 
knowledge of the effects ofBMPs on water quality and the modeling of those effects will evolve 
in parallel with regulations and management actions. 

The Chesapeake Bay TMDL offers some adaptive management flexibility through its two 
year milestones and its planned recalibration of the model and reevaluation of progress and goals 
in 2017. To fully implement adaptive management, the NRC (2011) recommended that the CBP 
refine its understanding of adaptive management, better analyze the uncertainties relevant to 
nutrient and sediment reduction efforts and water quality outcomes, implement targeted 
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monitoring programs, and ensure sufficient flexibility in accountability and regulatory and 
organizational structures, 

Box 3. Adaptive management. 
Adaptive management arose from the recognition that uncertainty is inherent in natural systems, yet 

management actions cannot be indefinitely delayed until knowledge is complete and uncertainties are resolved 
(NRC 2011). USDA scientists have reviewed the adaptive management literature (Stankey et al. 2005), and 
concluded that effective approaches to adaptive resource management involve a structured, iterative process of 
decision making that attempts to reduce uncertainty through the use of continuous feedback from new knowledge 
and understanding. The Chesapeake Bay TMDL's pollutant load allocations and required reductions represent the 
CBP's current best professional judgment of reductions that will meet the Clean Water Act's requirements. With 
adaptive management, the goal is the attainment of water quality standards and not the attainment of specified waste 
load reductions. As the Bay TMDL is implemented, the effects of implementation efforts will be continuously 
assessed for their impacts on water quality, and the TMDL requirements should be adjusted as more knowledge is 
gained about the effectiveness and social/economic feasibility of alternative implementation approaches. For 
example, over time and in response to implementation ofBMPs and to improved data and models, water quality 
monitoring results may indicate that one sector has more or less responsibility for pollutant loadings in a particular 
watershed than was originally thought. If so. the TMDL load allocations would be refined to reflect this new 
information and reallocation would follow to meet water quality goals. 

The concept of adaptive management involves systematically testing assumptions, not a trial and error 
process. It involves adaptation as new information chaltenges current assumptions and suggests improved 
interventions. It involves learning as a fundamental process that reduces uncertainty, The committee views the 
introduction of new modeling perspectives as part of the process of adaptive resource management, and we 
commend the EPA and USDA for implementing a constructive dialog to arrive at the best way forward to meet the 
Clean Water Act's requirements. The applicability of adaptive management to Chesapeake Bay restoration was 
explicitly considered in a full chapter in the recent report of the National Research Council's Committee on the 
Evaluation of Chesapeake Bay Program Implementation for Nutrient Reduction to Improve Water Quality (NRC 
2011). The review committee agrees with the NRC findings, which are summarized in the following quote from 
their report summary (NRC 2011, page 6): "Effective adaptive management involves deliberate management 
experiments, a carefully planned monitoring program, assessment of the results, and a process by which 
management decisions are modified based on new knowledge. Learning is an explicit benefit of adaptive 
management that is used to improve future decision making.'' 

The review committee having a suite of models built on different 
representations of processes, different spatial and temporal resolutions, and different approaches 
to calibration and validation with observational data is useful and yields better predictive 
capability in the long run than relying on a single model. For nearly two decades, the CBP 
model was the only modeling effort that attempted to comprehensively model the entire 
Chesapeake Bay watershed. SPARROW (Preston and Brakebill 1999) was built in 1997 using a 
very different spatial, temporal, and process construct; and it has added new insights that have 
led to improvements in the CBP model. In the last year, the CB-CEAP model has emerged as a 
third model of the Chesapeake watershed, and it brings new approaches to modeling land use and 
agricultural practices. This third model can continue the pattern of improving predictive 
modeling of the Chesapeake Bay Watershed through model comparison and integration. The 
review committee commends EPA and USDA for already undertaking model inter-comparison, 
and we recommend that those efforts be enhanced as described below. The review committee 
emphasizes that recommending analyses of multiple models does not undermine the use of the 
existing CBP model or provide a rationale for halting TMDL implementation. 
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Integrate knowledge from the CB·CEAP project into the 
The CB-CEAP effort provides new knowledge about the way that BMP implementation 

can be expected to reduce nutrient and sediment loads from cultivated cropland. That knowledge 
can enhance the CBP model and its application to the TMDL. CB-CEAP' s use of site-specific 
data from the NRI and from additional farmer surveys to characterize cropland management is an 
important development. For example, CEAP's farmer surveys suggested that voluntary 
conservation practices are implemented at much higher levels than previously accounted for 
(USDA-NRCS 2010, 2011). CEAP also provides new data and statistical summaries of the 
amounts of cropland with conventional tillage or conservation tillage. This approach should also 
be considered for non-cultivated cropland land uses. These results would be very helpful in 
identifying other spatial and temporal factors that cause variation in practice effectiveness. The 
review committee recommends that the CBP, USDA, and state and local partners continue their 
ongoing collaborative efforts to assemble better data on verified voluntary BMPs and other 
BMPs on agricultural lands (Chesapeake Bay Executive Order Strategy 
http://executiveorder.chesapeakcbay.net/ and Joint CBP-USDA agreement, Appendix) and to 
incorporating the new information into the CBP model. Those efforts will implement and 
exploit the consolidated program for tracking and geo-referencing BMPs recommended by the 
NRC (2011). 

Enhann~ comparability and improve ali Bay 
management models 

Standardization of data where appropriate. As noted above, models created for different 
purposes must often use different, conceptualizations, algorithms, or data sources. Despite those 
necessary differences, there are opportunities for greater standardization among models. For 
example, CBP and USDA could adopt the same Chesapeake watershed boundary data set for 
their two modeling efforts. The review committee recommends that the CBP and USDA work 
together with other organizations interested in the Chesapeake to identify and implement such 
opportunities for standardization. 

Estimation of prediction uncertainties. The review committee recommends that both 
models attempt to estimate uncertainties in key predictions (NRC 2001, Band et al. 2005, 2008) 
in order to help decision makers understand the variability of natural systems and to provide 
them with additional information for their analyses. Model uncertainty estimates will facilitate 
objective assessment of the significance of differences between models. 

Improved access to critical data. The review committee notes that the CB-CEAP model 
relies on confidential USDA data from the NRI (National Resources Inventory) and from 
confidential farmer surveys. Such information has not been avai I able for use by the CB P 
because of restrictions established by the US Congress on the use of site specific agricultural 
data. Restricted access to USDA data has limited their past use in developing the CBP model 
and continues to limit independent analysis and critical review by academic and other non­
USDA scientists. The review committee recommends that USDA and the CBP work together to 
relax restrictions on the use of site-specific farm data by the CBP and for other water quality 
management planning purposes, while maintaining protection of individual farmer 
confidentiality. The committee also recommends that USDA report data at the highest spatial 
resolution that will not violate mandated confidentiality restrictions. We understand USDA's 
desire to only publish statistically significant cropland characteristics at the resolution of 4-digit 



377 

VerDate Aug 31 2005 09:17 Jun 02, 2017 Jkt 000000 PO 00000 Frm 00383 Fmt 6633 Sfmt 6633 S:\_EPW\DOCS\24963.TXT VERNE 24
96

3.
24

3

HUCS (USDA-NRCS 2010, 2011), but the ranges and spatial distributions of the cropland 
characteristics at higher resolution could inform many other analyses and management efforts. 

Improved model accounting for lag times associated with BMPs. Both models assume 
actions have immediate impact, but there are groundwater, soil response, and instream lag times 
associated with BMP implementation and hydrologic transport that neither model represents as 
well as is it could. Both models overestimate the immediate impact ofBMPs. The review 
committee recommends development of modeling approaches that can account for groundwater 
lag-time, sediment deposition and remobilization, and nutrient cycling in soils and aquatic 
environments in future revisions of each modeling framework. 

More extensive calibration, validation, and discretization ofCB-CEAP. Ifthe CB-CEAP 
model is to become a more useful component of the suite of Chesapeake Bay management 
models, it should be recalibrated and revalidated with a larger subset of the water quality 
monitoring stations at which the CBP model has been calibrated and validated (Table I). CB­
CEAP could also provide output at the level of spatial resolution as the CBP model for all land 
uses. This would allow a more direct comparison ofthe results of the two models and help better 
define uncertainties in the models' predictions and in the Chesapeake Bay TMDL. 

Utilization ofCB-CEAP submodels to estimate field/watershed specific BMP 
effectiveness. The CB-CEAP model could be analyzed to yield effectiveness estimates for 
different BMPs or systems ofBMPs. These CB-CEAP efficiency estimates could be compared 
to the scientific literature and to the estimates used in the CBP model. These CB-CEAP 
simulations could help identify the spatial and temporal factors that cause variation in practice 
effectiveness, which could inform future refinements of the CBP model. 

Continued model development. Models used in the Chesapeake Bay restoration 
efforts/TMDL should not be static. They should evolve as our knowledge of the Chesapeake Bay 
watershed increases and there are roles for use of additional models such as CB-CEAP. 

The review panel recommends that all models used in making Chesapeake Bay 
management decisions should be periodically independently reviewed to identify model 
shortcomings and to improve the predictive abilities of the models. Peer review is an important 
tool for improving the quality of scientific products and is basic to all stages of model evaluation. 
The CBP and CB-CEAP models both contain components (such as the HSPF, APEX, or SWAT 
models) that have been extensively peer-reviewed in the scientific literature. The CBP model 
(Band et al 2005, 2008) and some of its components (Pyke et a!. 2008, Pease et al. 2007, 2008; 
Pyke 20 I 0) have had several independent peer reviews and those reviews should continue at 
regular intervals. The CB-CEAP implementation is new and could benefit from similar regular, 
independent, external reviews of the complete modeling system and its application to the 
Chesapeake watershed. 

as to 
Comparing the predictions of models (e. g., LimnoTech 2010, 20 11) is useful to help 

understand modeling uncertainty, but real assessment of model performance requires comparing 
model predictions to observed data. Comparing how well the CBP and CB-CEAP models 
simulate the observed status and trends in water quality across the watershed as influenced by 
cultivated cropland could help guide future enhancements of the both models and help 
characterize uncertainties associated with model outputs. 
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Promote a realistic 
watershed models 

of the uncertainties 

Use of multiple models and model comparisons. The CBP partnership could host 
workshops and subsequent activities to better define how multiple models and model comparison 
can be more effectively used in managing the Chesapeake Bay. 

Improved public understanding of models and their uncertainties. The CBP could sponsor 
a social science workshop on how models, differences in models, and model uncertainty are 
perceived by non-scientists, and on how these issues can be better communicated to decision 
makers and to the public. 
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Appendix: EPA-USDA Collaborative Agreement 

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
WASHINGTON. D.C. 20460 

The Honorable Glenn Thompson 
Chairman 

JUN 2 s zan 

Subcommittee on Conservation, Energy, and Forestry 
Commillee on Agriculture 
U.S. House of Representatives 
Washington. D.C. 20515 

Dear Chaimum Thompson: 

OFfiCE Of' CONCIRESSIONAl AND 
lNTfRGQVEANMEI'(fAl RElATIONS 

At the Subcommittee on Conservation, Energy and Forestry hearing about the Chesapeake Bay 
in March, the USDA and the EPA stated their intention to continue efforts to refine and increase 
the level of data available for understanding the implementation of conservation practices by 
farmers in the Chesapeake Bay Region. To ensure that the work continues to progress, the EPA 
and the USDA scientists have developed n plan of work for the key activities that are expected to 
be accomplished. A copy of the plan of work for that effort is enclosed. 

The additional data and refinements will serve a set of key purposes that will: 

• Account for agricultural conservation practices implemented throughout the Chesapeake Bay 
watershed, including those practices funded solely by the farmer (not funded by federal or 
state cost share funding). 

• Develop, as appropriate and feasible, a consistent estimate of pasture and hay land acres tor 
use by the EPA and the USDA. 
Develop, as appropriate and feasible, a consistent approach for estimating fertilizer and 
manure applications for use by the EPA and the USDA. 

ln addition, there is ongoing work to I) update and refine current conservation practice 
effectiveness estimates; and 2) credit new conservation practices as they arc applied in the field. 
These efforts are intended to reflect our long term commitment to ensuring the best possible data 
is available. As a result of this work, we hope to increase our understanding of the impact of 
conservation practices and of the contribution farmers arc making to rcstoratwn ofthe Bay. 

We appreciate your interest in this important issue and will be glad to provide additional 
information that you may request. 

lntsmet AdJre.u (URL) • http://www ~.gov 
RliC'fdgiJb:-t'yel•bl• • Prlnled wh!'l Vo~llbla 011 BMI&d lnk:i M OocyCIDO P~1or (MIMl'IU!fl ?J;~<. flo~tr.OI\!:UI'J'Hot) 
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Since/, 

/!!t0 
Arvin R. Oanesan 
Associate Administrator 

Enclosure 
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U.S. Department of Agriculture (t.:SDA) and U.S. Environmental Protection Agency (EPA) 
Chesapeake B11y Conservation Data CoUaboration 

In December 2010, the EPA released the final Total Maximum Daily Load (TMDL) for the Chesapeake 
Bay. TMDL nutrient and sediment load allocations for the Bay Watershed States were developed using 
water quality monitoring data and a suite of models, including the Chesapeake Bay Program Watershed 
Model. 

ln March 2011, the USDA released its Assessment of the Effects of Conservation Practices on 
Cultivated Cropland in the Chesapeake Bay Region, a document known familiarly as the Chesapeake 
Bay Conservation Effects Assessment Project, or CEAP report. The USDA's CEAP effort is based on a 
combination of fanner surveys and modeling used to estimate the impact of conservation practices on 
the landscape. 

There is a lot of interest from Chesapeake Bay stakeholders and within the USDA and the EPA to ensure 
consistency between the two modeling efforts and that they are informed by the best data available 
describing implementation of conservation by fanners in the Chesapeake Bay region. Below are 
commitments by the two agencies to that end. 

Improve tracking and reporting of conservation practices in the Chesapeake Bay Program (CBP) 
Watershed Model 
As called for in the May 12, 2009 Executive Order 13508 -Strategy for Pro/ecling and Resmring the 
Chesapeake Bay Watershed, The USDA and the EPA are working with state agricultural agencies, 
conservation districts, and other key agricultural groups to ensure that non-cost shared practices are 
tracked, verified, and reported for credit in the CB!' Watershed Model. 

Additionally, the USDA is surveying approximately 1,400 producers through the National Reslmrces 
Inventory (NRI) in 2011 to estimate the level of conservation practice implementation and to refine the 
spatial scale of available data. Combined with the similar work conducted from 2003-2006 (presented in 
the 201 1 CEAP report), the results of this survey will provide an estimate of additional on-the-ground 
implementation of conservation practices between the two survey time periods. 

Commitments: 
The USDA and the EPA will work with state agricultural agencies, conservation districts, and other key 
agricultural groups to develop a mechanism for tracking, verifying and reporting non-cost shared 
conservation practices on agricultural lands for use in the CBP Watershed Model. 
Timeframe: Complete by July 2012. 

Using CEAP results from 2003-2006 and the pending 2011-12 analysis, the USDA and the CBP 
Partnership will explore inclusion of the additional practices identified in these surveys into the CBP 
Watershed Model. 
Timeframe: Begin in 2012. 

Develop eonsistent estimates of pasture and hay land use in both models 
The CBP Watershed Model and CEAP Model use different approaches for estimating pasture and hay 
land in the Chesapeake Bay watershed. The lJ .S. Geological Survey developed a methodology for 
estimating land use for the CBP modeling effort in which the pasture and hay !and use is based on the 
t;SDA census of agriculture data rather than satellite imagery, 
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Commitment: 
The Natural Resources Conservation Service (NRCS) and the CBP will work together to investigate the 
appropriateness of using a common approach for estimating pasture and hay land in both models. 
Timeframe: Begin in 20IJ. 

Coordinate fertilizer and manure nutrient Input assumptions In botb models 
The NRCS and the CBP independently developed databases to estimate nutrient applications to cropland 
and arrived at similar figures for total application. However, differences likely exist in application 
timing and amounts applied by region, crop, and management system. A consistent approach for 
fertilizer and manure nutrient inputs that is informed by the significant work by the USDA and the CBP 
partnership would likely improve both models. 

Commitment: 
The NRCS and the CBP will work together to investigate the development of a single database to 
estimate nutrient applications to cropland that would drive both modeling efforts, building on the 
experiences of both. Alternatively, given the different temporal and spatial scales of the modeling, the 
NRCS and the CBP can work together to standardize assumptions across databases. 
Time.frame: Begin 2012 and continue thereafter. Results may he used in CEAP on an rmgoing basis 
and may be used for the CBP management decisions in 2017. 

Develop comparable scales for reporting nutrient/sediment loads In CEAP & CBP Models 
Commitment: 
Currently the two models track and report loads on different geographic scales, Development of 
common reporting scales will allow a more effective comparison of model findings and increase 
watershed model data and technique sharing capabilities. As the technologies of the two models 
advance, opportunities to collaborate should be explored. 
Tim~frame: Begin 21JI2 and continue thereafter. 

There are two further tasks that are already in progress to ensure that the CBP Watershed Model 
is informed by the latest scientific data: 

Updating current conservation practice effectivene.~s estimates based on the latest science. The 
NRCS and the CBP will work with the Agriculture Workgroup to determine the most appropriate way to 
inform updates to conservation practice effectiveness estimates in the CBP Watershed Model, with a 
particular focus on characterizing spatial variability in practice effectiveness. 
Time.frame: Ongoing 

Crediting new conservation practices. The EPA will provide resources to help coordinate the effort to 
credit new conservation practices in the CBP Watershed Model, in accordance with the established 
protocols. The USDA will provide relevant data on effectiveness estimates of the new conservation 
practices to inform assessment by expert panels that evaluate practice effectiveness. 
Timeframe: Ongoing 
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MISSISSIPPI 

The Hon. Bob Gibbs 
Chairman 
Committee on Transportation 
and Infrastructure 
Subcommittee on Water 
Resources and Environment 
U.S. House of Representatives 
Washington, DC 20515 

June 23, 2011 

The Hon. Timothy H. Bishop 
Ranking Member 
Committee on Transportation 
and Infrastructure 
Subcommittee on Water 
Resources and Environment 
U.S. House of Representatives 
Washington, DC 20515 

Re: Nitrogen and Phosphorus Pollution 

Dear Representatives Gibbs and Bishop: 

Thank you lor allowing our organizations - members of the Mississippi River 
Collaborative (MRC) - to provide our perspective on the urgent issue of controlling 
nitrogen and phosphorus pollution. 

For reasons well documented in reports by the National Research Council, 
including the landmark review titled, "Mississippi River Water Quality and the Clean 
Water Act: Progress, Challenges and Opportunities," as well as the June 30, 2008 
Petition for Rulemaking of our groups to the United States Environmental Protection 
Agency (USEPA), and other attached documents, it is vital to protect drinking water, the 
economy and the aquatic environment through the prompt establishment of numeric 
nutrient criteria for all of the waters of the United States. As part of a broader effort to 
control nitrogen and phosphorus pollution that uses many legal and technological tools, 
USEPA must continue to urge states to develop numeric criteria and, where necessary, 
must step in to do so itself. 

The effects of nitrogen and phosphorus pollution are dire and well-known. 
Nitrogen and phosphorus pollution has: 
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Fueled algae blooms that filled water supplies with toxic cyano-bacteria and total 
organic carbon which requires costly treatment that itself can create carcinogenic 
by-products; 
Created serious health hazards to swimmers and illness and death of house pets 
that come into contact with harmful algal blooms in water polluted by nitrogen or 
phosphorus; 
Ruined recreational opportunities and tourist experiences in many areas of the 
country, undercutting important sources of jobs; 
Contributed to the formation of a huge summer "dead zone" in the Gulf of Mexico 
and other waters, killing aquatic life and endangering the livelihoods of fishermen 
and others who depend on healthy coastal waters; and 
Exacerbated conditions that harm fish and wildlife in numerous rivers, lakes and 
streams throughout the Mississippi Basin and across the country. 

It is clear that the efforts of the states and federal agencies have not been 
adequate to date. Indeed, as summarized by the State-EPA Nutrient Innovations Task 
Group: 

!nhe spreading environmental and drinking water supply degradation associated 
with excess levels of nitrogen and phosphorus in our nation's waters has 
been studied and documented extensively. Current efforts to control nutrients 
have been hard-fought but collectively inadequate at both a statewide and 
national scale. Concern with the limitations of current nutrient control efforts is 
compounded by the certain knowledge that as the U.S. population increases by 
more than 135 million over the next 40 years, the rate and impact of nitrogen 
and phosphorus pollution will accelerate -potentially diminishing even further our 
progress to date. 

State-EPA Nutrient Innovations Task Group, An Urgent Call to Action (Aug. 2009). 

Despite repeated urgings by EPA under both Republican and Democratic 
administrations, states have failed to develop standards and criteria sufficient to protect 
the Mississippi River, the northern Gulf of Mexico and other valuable waters from 
worsening nutrient impairments. For example, in 2007, the EPA Assistant Administrator 
for Water under President Bush wrote: 

Today, EPA is encouraging all States, Territories and authorized Tribes to 
accelerate their efforts and give priority to adopting numeric nutrient standards or 
numeric translators for narrative standards for all waters in States and Territories 
that contribute nutrient loadings to our waterways. 

Memorandum of Benjamin H. Grumbles, Nutrient Pollution and Numeric Water Quality 
Standards, (May 25, 2007). 

EPA found in 1998 that numeric nutrient standards are needed for the states. 
Specifically, the agency stated that "States should have adopted nutrient criteria that 
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support State designated uses by the end of 2003." For those states that failed to adopt 
needed numeric criteria, the agency warned: "EPA will initiate rulemaking to promulgate 
nutrient criteria values that will support the designated use of the waterbody and are 
appropriate to the region and waterbody types." (USEPA, National Strategy for the 
Development of Regional Nutrient Criteria June 1998.) 

The decade following 1998 proved beyond a doubt that EPA must play a lead 
role in addressing the problem. EPA's Scientific Advisory Board called for direct action 
"as soon as possible" to reduce both nitrogen and phosphorus loadings "before the 
system reaches a point where even larger reductions are required to reduce the area 
of hypoxia." US EPA, Science Advisory Board, Hypoxia in the Northern Gulf of Mexico 
(2008). Likewise, the National Research Council has pressed EPA to take a more 
proactive role, recommending that the agency: 

"develop water quality criteria for nutrients in the Mississippi River and the 
Northern Gulf of Mexico"; 
"ensure that states develop water quality standards (designated uses and water 
quality criteria) and TMDLs such that they protect water quality in the Mississippi 
River and northern Gulf of Mexico from excessive nutrient pollution"; and 
"develop a federal TMDL. .. " 

National Research Council, Mississippi River Water Quality and the Clean Water Act: 
Progress, Challenges and Opportunities (2008). 

In short, EPA's actions to date have hardly amounted to "riding roughshod" over 
states, as the title of the subcommittee's hearing suggests. To the contrary, despite 
years of study, conferences and action plans, the states and EPA have, to date, failed 
to effectively address nitrogen and phosphorus pollution. The latest example of this 
pattern is a March 16, 2011 Memorandum from EPA's Acting Assistant Administrator 
for Water Nancy Stoner to Regional Administrators; this document acknowledges the 
costly consequences of nutrient pollution and the urgent need to reduce nitrogen and 
phosphorus loading. Yet, like previous such memos, it fails to establish concrete and 
enforceable requirements for developing numeric criteria and TMDLs that will maintain 
and restore water quality. Instead, the Memorandum offers EPA's encouragement 
and assistance "where states are willing to step forward." We suggest that EPA's 
faith in state action is misplaced. The Stoner Memorandum itself, for example, cites 
1998, 2001, and 2007 studies and memos in which EPA concluded that numeric water 
quality criteria are necessary to ensure water quality in the Mississippi and northern 
Gulf waters. Yet, in 2011 not a single state bordering the Mississippi River is calculating 
permit limits for nutrients based on numeric criteria designed to protect against 
downstream impacts in the Mississippi River and the Gulf. Few of the states are even 
calculating nitrogen or phosphorus limits needed to protect the immediate receiving 
water body of the discharge. 

Development of numeric criteria is essential. Total maximum daily load 
calculations (TMDLs), when fully implemented, can be very useful but TMDLs require 
a target which will almost always be a numeric water quality standard. NPDES permits 
must control all pollutants that regulated sources discharge, but writing NPDES permits 
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can be difficult without some sort of numeric target. As history has abundantly shown, 
this simply cannot effectively be done on case-by-case basis in many cases. 

Even control of nitrogen and phosphorus pollution from agriculture is greatly 
advanced through establishment of numeric nitrogen and phosphorus standards. 
While pollution from agriculture is largely outside of federal regulatory control (33 USC 
1362(14)), state and voluntary programs to control nitrogen and phosphorus pollution 
from agriculture would greatly benefit from having a numeric target. 

Finally, nitrogen and phosphorus control can be accomplished at reasonable 
cost, despite some estimates. The idea that reverse osmosis or other costly processes 
will be required of municipalities is absurd- for instance, EPA concluded that it "does 
not believe that this type of treatment technology for [wastewater treatment plants] in 
Florida has been demonstrated as practical or necessary." 75 Fed. Reg. 75,762 75,795 
(Dec. 6, 2010). Moreover, the law is clear that criteria may be changed for water bodies 
where it can be shown that applying existing requirements would result in substantial 
and widespread economic impact. 40 CFR § 131.1 O(g). Moreover, there are numerous 
other vehicles under the existing regulations to avoid imposing unreasonable costs. 
Beyond the inherent flexibility in the law, we urge you to bear in mind the huge cost 
imposed on the nations' waters and economy by nitrogen and phosphorus pollution. 

Last month, the following story appeared regarding what has been a treasured 
recreational lake in Ohio near which many people live: 

Last updated: May 19,2011 4:49p.m. 

Grand Lake St. Marys warning: Don't swim, 
wade or touch algae 

Associated Press 
ST. MARYS, Ohio·- Water warnings are going up again at Ohio's largest inland 
lake after another algae outbreak. 

The state is telling visitors at Grand Lake St. Marys not to swim or wade in the 
lake because of the algae. It's the same kind that can produce toxins that shut 
down the lake last summer. 

They're also warning against touching any of the algae on the water. 

Officials say the algae bloom is visible across the western Ohio lake. 

The state is planning to treat the water this summer in hopes of improving 
quality. 

Marinas, campgrounds and other places that count on tourists lost much of their 
business last year after the state warned against swimming, boating and fishing. 

Finally, just last week scientists released a prediction of the size of this year's 
Gulf of Mexico Dead Zone, stating that it may be 9,421 square miles, or "about the size 
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of the combined land area of New Jersey and Delaware, or the size of Lake Erie ... if the 
[Dead Zone! becomes this large, then it will be the largest since systematic mapping 
of the [Dead Zone! began in 1985." Also according to the forecast, the Dead Zone 
"continues to threaten living resources including humans that depend on fish, shrimp 
and crabs. Excess nutrients, particularly nitrogen and phosphorus, cause huge algae 
blooms whose decomposition leads to oxygen distress and even organism death in the 
Gulf's richest waters." 

We pray that Congress not take any action that will make such reports still more 
prevalent. Instead, the Committee should urge EPA to redouble its work to control 
nitrogen and phosphorus pollution generally and to develop numeric nitrogen and 
phosphorus standards for states and tribes that fail to do so. 

Sincerely, 

Kris Sigford 
Minnesota Center for 
Environmental Advocacy 

On behalf of: 

Albert Ettinger 
Counsel for the 
Mississippi River Collaborative 

Environmental Law & Policy Center, Chicago, IL 
Gulf Restoration Network, New Orleans, LA 
Iowa Environmental Council, Des Moines, Iowa 
Kentucky Waterways Alliance, Louisville, KY 
Minnesota Center for Environmental Advocacy, St. Paul, MN 
Missouri Coalition for the Environment, St. Louis, MO 
Natural Resources Defense Council Midwest Office, Chicago, IL 
Prairie Rivers Network, Champaign, IL 
Tennessee Clean Water Network, Knoxville, TN 

Attachments 
Petition for Rulemaking Under the Clean Water Act - Numeric Water Quality Standards 
for Nitrogen and Phosphorus and TMDLS for the Mississippi River and the Gulf of 
Mexico, June 30, 2008 

Memorandum, Nutrient Pollution and Numeric Water Quality Standards, Benjamin H. 
Grumbles 

An Urgent Call to Action - Report of the State-EPA Nutrient Innovation Task Group, 
August2009 

Letter of Kris Sigford to Administrator Lisa M. Jackson, March 31, 2009 
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26 of 27 DOCUMENTS 

FLORIDA TODAY {Brevard Cour:.ty, Florida) 

Stop the pollution 

Decembet' 15, 2010 Wedr-;.esday 
Online Edition 

BYLINE; By. FLOIZIDA TODAY EDITORlAL 

SECTION: :t:D1TORL.t..L; Pg, Al4 

FLOP tDA TODAY EDTTORIAI, 

Page 63 

The waters of the Indian River Lagoon just got dirtier, threatening marine li:e and 
the economic benefits the estuary brings to the Space Coast. 

The waters of the St. Johns River just got dirtier, threatening the drinking wate.r 
supplies t.hat are c:;:itical to Brevard County and Central Florida's future. 

The coastal wat.e.rs of the Atlantic Ocean and Gulf of Mexico just got dirt:ier, 
threatcninq the lure that attracts tens of millions of tour·i~ts to Florida annually. 

Nho's to blame? 

?lorida's top Rcpubl lean lawmakers and the po1 i.ut:ing indust.:rie.s ba.cktng them v;ho 
continue fighting the implementation of clean-wat.er ruleB the U.S. Environmen:.:ul 
Protect. ion r.._gcncy had ordered into place. 

Thejr newest move came last week when Attorney General Bill McCollum, with the support: 
of Gov. -elect Rick Scott and Attorney General- elect Pam Bondi, filed suit in federal 
court. to b 1 ock t..he standards. 

The: sit:uatiO!l dates to 1998, when the EPA told Florida it was violating Lhe Clean 
Water Act and needed to toughen measures to stop the toxic mix of agricultural, 
industrj.a1 and municipal pollutants entering state waters. 

li. menacing tide 

A L.i.de so menacing the staLe Department of Environmental Protection admit.led -in 2008 
that nutrienls had tainted 1, 000 miles of ri.vers, 350,000 acres of lakes and 900 squarf.: 
miles of estua:·ics. 

However, the state d;agged its feet and missed a 2004 deadline to put the rule~ in 
place. That caused environmental g:roups t.o file a winning lawsuit against the EPA 
in 2008 that stipulated the agency step in. 

Aa a result, th€~ EPA finally released standards for lakes, rivers and spr.ing.s last 
month after repeated meetings with state otficials and making concessions. It will 
do t:he same tor coasLul waters in November 2011. 
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Page 64 
Stop the pollut~ion FLORIDA TODAY (Brevard County, Florida) December 15, 2010 

Wednesday 

"These rules will give us cleaner water that will help stimulate the economy with 
more tourism, more boating, more :r·ecreation and create more jobs, '1 says Jim Egan, 
director of the Palm Bay~ based Marine Resources Council that tracks pollution level 
in the Indian Rlve.r· Lagoon. 

~'These are good Jaws. They're not laws to protect a snail someplace. They would provide 
clean water and healLhier water and mor·e prof;.table economic condit·ions for.· the people 
of Florida.·· 

The arguments opponents are making - that the rules are arbitrary, lack scientific 
support and would be too costly to irnp.Lemcnt - are false. 

The standards are based on solid scientific research that 13 other ntates have used 
to adopt similar rules of their own. The EPA even used state-produced data in composing 
the new restraints. 

Meanwhile, the EPA estimates cleanup costs between $135 million and $206 million 
annually. That's tar below the billions claimed in a r:eport written by an industry 
organization that i.Hcludes some of the state's won:;t polluters, 

If detractors wei.e really worried about cost, they'd focus on the steep price Florida 
:is paying for pollution. 

A single algae bloom or red tide along the At1antic or Gulf coasts hammers the tourism 
industry, shulting down beaches, leaving hotel rooms empty and damaging commercial 
n.nd recreational f:ishing. 

It a1so can trigger respirato.ry and other health problems in humanD, as evidenced 
.... .-hen a red tide BLruck the Brevard coant in 2008. 

In t.he Indian River Lagoon alone, the alarming rise in illnesses striking mar:ine life 
- including cancer and other diseases ir.. dolphins - speaks to pub1 ic heat th threats 
and diminished wate'Yfront property va1ues unless water quality :improves. 

irreplaceable ~csource 

And with it the $3.7 billion in economic impact the lagoon provides to the five 
counties that hug its shores, with more than $1 2 billion of the r:1oney staying in 
Srcvard in fishing, boating and other activities. 

The St. Johns River, the linchpin for drinking water supplies in East ·Central Florida, 
is no less embatt:J.ed with fertilizers, pesticides and metals from agriculture and 
urban stormwate·r runoff choking its flow and killing fish. 

urt we continue to disregard these k:ind of rules, we're going to continue destroying 
th~;? river, ll says l.eroy Wright of Cocoa, '"''ho has battled fo~ 30ayears to clean up the 
waterway as founder and former president of SAVE the St. JohnD. 

State of fie i a ls have had a dozen years to do the right thlng and protect Florida 1 s 
citizens, environment and economy on this issue. Instead, they h<'lve done everything 
possible to sabotage the process. 

It's time for U:at shameful record to end and for the ~:;tate' n irrep1acable wa;:ers 
to become cleaner, not dirtier. 

LOAD~DATE: December 16, 2010 

LANGUAGE: ENGLISH 

PUBLICATION-TYPE: Newspaper 
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Page 65 
Stop the pollution FLORIDP ... TODAY (Brevard County, Florida l December 15, 2010 

Wednesday 

JOURNAL-CODE: brv 

Copyright 20l0 FLORIDA TODAY 
All Rights Reserved 
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19 ot 27 DOCUMENTS 

Orlando Sentinel (Florida) 

July 26, 2011 Tuesday 
FINAL 

Protect Florida's water 

Page 47 

New federal regulations aren't the enemy; the lack of concern 
is. 

BYLINE: Copper 

SECTION: EDITORIAL; FJ,ORIDA; What we think; Pg. l\10 

LENGTH: 590 words 

Last year 1 s hysterical react ion from opponents of tougher federal clean water ru 1 e~> 
>-las, unfortunate] y, only the beginning, 

Since tho P..ssoc:iaLed industries of Florida.' s Barney B::i shop hammered "radical 
left-wJnger.su fo:c darir:.g to impose new r.egu1ations that wou1d ~::trap businesses, we've 
seen a la•,,n:ruit from FJorida Attorney Genera] ?am Bond::i and hgr'iculture Commissioner 
Ji.dan~ Putnam. 

The pair sued those awful left wingers running the Environmen'::al Protection Agenc;y 
for imposing whuL ;d 11 be new limits on h:Jw much phosphoruB and nitrogen can ge..t into 
wate:rway.s frot:J sewage plants, industry and other sources. 

Cer.trul F]orida's John Mica got into the act, too, introducing legislation in congress 
that would blunt the EPA's ability to toughen FJorida's ineffect.ivc water-pollution 
limits. The EPJ\ 1 s 11 almost unpre-cedented pov;er grab 11 would create a '1 regulato:ry 
niqhlmare, " Mit.: a. gasped on the floor of the U.s. House 

Central Florida's Sandy Adams injected her trademark hyperbole. The congresnwoman 
tied the EPll.'.:;:; coming rules to clean F:orida's waterways Lo a!1 imagined plot by 
Pref.;:dent Obama to undermine anti-pollution efforts. A.nd her office sald the new EPA 
ru.::.es "wou1d effect:i·Jely kill job cr:·e.ation thro1.~ghout Plor'ida.'' 

Fortunatel.y, tv1ica';;; bill won't make it to a vote in the Senate, which appreciates 
Lhat the EPh. shou1d have the ability to Craft and enforce rules making states comply 
with :.he fede.ra] Cle.::1n ~'later Act. 

And, fortunately, the nonprofit National Research Council, which is holding meeting~; 
this •,.;cek in Or1ando, is continuing it~; months long, deliberate study of what kind 
of financj a l burden the EPA's Laugher wat·~r standards would truly impose on Lhc state. 

t1ake no mistake, 1-'lorlda needs these new standards. A ncar-dead Lake .n..popka, a 
chroni.cally sick St, Johns River and the region's many algae ·bloom-tilled springs 
cry out Lor thern . .r;..nd wilh tbe. NRC scientists examining Lhe co~>t of making improvements 
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Page 48 
Protect Florida's water.New federal rcguJa.tions aren't the enemy; t.he lack of concerr. 

it;, Orlando Sentinel (Florida) July 26, 20ll Tuesday 

to sewage plants, stor·mwater systems and septic systems, we expect they'll show that 
the financial burden from the standards will be significantly less Lhan the $1,000 
per year per sewage customer that opponents contend. The EPA's ov;n estimate: $11 per 
resident. 

If the arguments against the EPA' n tougher nutrient standards sound familiar, that 1 s 
because they've been used over and over again by reactionary lawmakers to eviscerate 
sensible regulations. The anti-environment gang in Tallahassee killed st:ate growth 
laws they said killed jobs. What nonsense. 

Washington lawmakc:t:s dropped efforts at meaningful climate- change legi slatlon, and 
this month even tried to repeal sensible regulations designed to curb the use of 
wasteful Light bulbs, 

They did so saying these regulations stif1ed the ability of businesses to g .. row. Or 
cost businesses too much. Or would burden the public becaus-e con~;ur:\ers will get 
saddled wiLh tho costs. 

Regulations frequently carry costs. But the cost of doing nothing can be greater. 
The stat.e's lax water rules have allowed pollutants to choke F~orida 1 S waterwayB, 
lower property values and threaten the state's ability to dra·w tour1 sts. 

Opponents of the new E?l\. "''ater rules also need to turn down their rhetoric if on1y 
for Lh.is r·eason: The EPA's new rules aren't one size fits all. The agency wlll let 
businesses and communi ties propose alternative standards if they ca::-1 demonstrate that 
those alter-natives would effectively protect the wate:r. 

The EPA wants Florida t.o c:ean its \.;aterways without subme:r.·ging its b1.1sinesses, Tbat' s 
something anyone who calls Florida home also should want. 

LOAD-DATE: July 26 1 2011 

LANGUAGE: ENGLISH 

DOCUMENT-TYPE: EDITORIAL 

PUBLICATION-TYPE: Newspaper 

Copyri.ght 2011 Sentinel Communicatj.ons Co, 
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St, Pete:!:sburg TimeD (Florida} 

t-1ay 2L 2011 Saturday 
State I Suncoast Edition 

OBSTRUCTING THE PATH TO CLEANER WATER 

SECTION: r·U'\_TION.hL; TTMRS EDITORIALS; Pg. 14f, 

LENGTH: ~01 WO!:'d.C 

Page 58 

Florida continues to jeopardize its environment, tourism and public health by 
fighting the federal qovernment over new clean water rules. Fortunately, state 
Jav.;nakers did not ?ass 1egislat.ion that would have barred the state from enforcing 
t_he rules, wh~.ch are designed to curb pollution in lakes, rjvcrs and estuaries. Bul 
that is small consolat·Lon; the state's Republican Jeaders are contim.ling a lawsuit 

cha llcnging the Enviro0mental Protect :ion Agency r .s authority and the Bcientific basis 
for mov:Lng ahead. On 1 y a strong mandate by tl:e EPA wi "11 protect the state' t> resources. 

Florida has dawdled long enough i.n addreno:ing pollution thaL has taint€.~d about 2, 000 

mile~:: of the state's rLvers and streams, 380,000 acres of its lakes and 569 square 
mi1c~;; of its coasta] areas. lt is politically convcnien._ for F'lor:ida RepubJicans 

blame Democrats in h'a;c:;hi.ngton tor the sLandof£, when the state £lpent years f .1ddling 
w:ith new 1-equi:!":·ement:s. The reality is the federal government alao drugged .its feet 

as runoff from fo.rms, utilities and sewer pldnts damaged the state's water bodie~;, 
Hndangering totn·.i sm, the environment, public hca 1 th a::d property values. 

tf anythlng, theE?,<\ should have acted long ago. The agency told the stat.es in 1998 
to limit nutrient. pollution in surface water5 by 2004 or :it would do the job. But 

2004 came and v.1er:t. Environmental groupB zued in 2008, calling on the EPA to enforce 
the antipollution ~;t.andards under the Clean Water Act. The agency settled t-he case 
in 2009 under the st.ipulation that. it \"''0".-tld draft the new rules for Florida. The 
st.,:mdardn were 10 yea..r·s in ':he making, put in motion under thcn-·Pl-esident Gco:::-ge W. 
Bush and craftcC in concert with two Republ::ican governors of F1orlda. The ct(it_e is 

hardly being bli:Kh:;idcd by a big-footed federa.l bureaucracy ·.,:aging a liberal agcndu. 

Tha:: hasn' l stopped leading Republicans, the big business lobby and large-~1:-al.e 

poUute.t·s frcm spreading disinformation. Opponents mainta:in the new standards wi 11 

co~;:; the .state (wnd ultimnte1y consumers} billions of dollars. But tha.t figure is 
based on Lhe fiction that: Florida will need to use expensive processes suct1 as 

reverse -oDmcs:is to meet the new standards even though the F:PA has made clear Lime 

and agai:1 that reverse-osmosis is off lhe table. EPA est:lmates the rules w:il1 affect: 
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Page 59 

OBSTRUCTING THE PATH ·:;:o CLEANER WATER St. Petersburg Times (Florida) t1ay 21, 7.01J 
Sat:urday 

only a fraction of farms and industria: ope.rations. And the agency has postponed 

enforcement of the rules until 2012 at the earliest to work with the state ar1d 

polluters on loopho1es LhaL could wate1· dov.n the standardr; even further 

State off:icia1s have contrived a controversy to run out the clock. Much of the data 

the EPA has used comes from the state*s own environmental agency. It is l.ime rhe 
federal government moved ahead. Allowing more sewage, ferti.l izer and ot:he:t· pollution 
into the state 1 s waterwayr; only harms pubLic health and the economy and makes th0 

cleanup more expensive. Somebody has to protect Floridians from the i:c.dlffcrence lO 
the environment and clean \•;ater in Tal~ahassee. 

LOAD-DATE: May 24, 2011 

LANGUAGE: ENGLJSH 

DOCUMENT-TYPE: EDITORIAL 

PUBLICATION-TYPE: Newspaper 

Copyright 2011 Tines Publishing Compar~y 
All Rights Reserved 
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John McMiUan 
Commissioner 

October 3, 2011 

Senator Jeff Sessions 

STATE OF ALABAMA 
DEPARTMENT OF AGRICULTURE AND INDUSTRIES 

1445 Federal Drive • Montgomery, Alabama 36107-1123 

Ranking Member, Subcommittee on Water & Wildlife 
U.S. Senate 
326 Senate Russell Building 
Washington DC 20510 

Dear Senator Sessions: 

Alabama currently has regulations and partnerships in place to work with producers to minimize 
pollutants from ente~ing rivers and streams. The Alabama Department of Agriculture and 
Industries, Alabama Cooperative Extension System, Alabama Farmers Federation, Auburn 
University, Alabama Department of Environmental Management (ADEM), Alabama State Soil 
and Water Conservation Committee, Soil and Water Conservation Districts, and the Natural 
Resources Conservation Service work closely with fanners and ranchers to effectively manage 
animal waste, not only to keep it out of America's rivers and streams, but also to turn it into a 
useful commodity. 

The partnership works with private landowners to plan and implement best management 
practices as a mechanism to meet Federal, State, and local water quality requirements tor 
agric1.Jitural and silviculturallands. Practices are installed according to NRCS technical 
standards and are implemented through voluntary conservation efforts. The following 
procedures are in place to assist producers. 

• ADEM requires concentrated animal feeding operations (CAPOs) to have a 
Comprehensive Nutrient Manage~nent Plan (CNMP) that meets or exceeds NRCS 
standards. The CNMP addresses natural resource concerns dealing with soil erosion, 
manure, and organic by-products and their potential impacts on water quality. It is 
developed to assist operators in meeting all applicable local, tribal, State, and Federal 
water quality goals or regulations. CAPO's arc inspected annually by qualified 
credentialed professionals to ensure compliance with the plans. 

• Certified Technical Service Providers (TSP's) are available to develop Conservation 
Activity Plans (CAPs) for CNMPs. CAPs are specialized, in-depth plans that address 
specific resources and can be used to improve manageiUent of an operation. 

www.agi.alabama.gov • Phone 1-800-642-7761 
"We provide employment & services without discrimination." 
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• Nitrogen and phosphoms are the primary nutrients that contribute to agricultural 
nonpoint source pollution. NRCS' Nutrient Management Practice Standard 
minimizes agricultural nonpoint source pollution of surface and ground water 
resources through managing nutrient application rates, placement, and timing. In 
addition, buffers and filter strips are used to trap nutrients and protect water 
quality. Recordkeeping systems are in place on the farm to monitor nutrient 
applications. 

Adding additional regulations or changes to Alabama's best management practices would 
detrimentally affect the state's economy and farmers. lfproblems do occur, we feel they 
could best be addressed through University research and science-based technology. 

Sincerely, 
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F~rtilizer Institute 
Nourish, Replenish, Grow 

October 3, 20 ll 

The Honorable Benjamin L. Cardin 
Chairman, Subcommittee on Water and Wildlife 
Committee on Environment and Public Works 
United States Senate 
Washington, DC 20510 

The Honorable Jeff Sessions 
Ranking Member, Subcommittee on Water and Wildlife 
Committee on Environment and Public Works 
United States Senate 
Washington, DC 20510 

Dear Chairman Cardin and Ranking Member Sessions: 

The Fertilizer Institute (TFI) is the leading voice of the fertilizer industry, representing the public policy, 
communication and statistical needs of producers, manufacturers, retailers and transporters of fertilizer. 
The Institute's members play a key role in producing and distributing vital crop nutrients, such as 
nitrogen, phosphorus and potassium, which are used to replenish soils throughout the United States that in 
turn produce healthy and abundant supplies of food, fiber and fuel. While the fertilizer industry is known 
for its positive contributions in agriculture and food production, awareness of the industry has also 
increased as a result of issues involving excess nutrients in the environment. 

TFI, on behalf of its members, is pleased with the opportunity that today's hearing presents for our 
industry to define its continued commitment to environmental stewardship. At the heart of that 
commitment is what is known as 4R nutrient stewardship, a framework to achieve cropping system goals, 
such as increased production, increased farmer profitability, enhanced environmental protection and 
improved sustainability. To achieve those goals, the 4R concept incorporates the: 

• Right fertilizer source at the 
Right rate, at the 
Right time and in the 
Right place. 

Although the 4R nutrient stewardship brand is relatively new, the practices that comprise the system arc 
not. According to the Association of American Plant Food Control Officials, since 1987, the Chesapeake 
Bay Area states, which include Delaware, Maryland, New York, Pennsylvania, Virginia and West 
Virginia, have reduced fertilizer nutrient consumption by 32 percent. Despite these positive gains, the 
industry recognizes that further improvement is both possible and necessary. 

To that end, TFI has begun to implement its 4R nutrient stewardship strategic plan that is aimed at 
increasing awareness of 4R nutrient stewardship among agricultural stakeholders. Efforts to create 
educational tools and resources that will facilitate greater adoption of the 4Rs by agricultural producers 

Vtt'\\ 

Th1rd Str..:ct S W .. Sw!..:: IJ:'\0 
\Va:-.h111gton. DC 21!024 

202 962 (1490 

202 '>62 Ctsn ra:--. 
WW\V ti"i org 



399 

VerDate Aug 31 2005 09:17 Jun 02, 2017 Jkt 000000 PO 00000 Frm 00405 Fmt 6633 Sfmt 6633 S:\_EPW\DOCS\24963.TXT VERNE 24
96

3.
26

5

are already underway. Additionally, TF! has begun work to develop measurement systems that will 
eventually be used to demonstrate the environmental improvements associated with implementation of 4R 
nutrient stewardship. 

Enclosed with this Jetter is a more detailed overview of the 4R nutrient stewardship concept, as well as 
several informational posters which were originally presented by TFI at the Soil Water Conservation 
Society's annual conference which took place in Washington, D.C., on July 11. Additional information 
regarding the 4Rs is also available at www.nutricntstewardship.com. 

TFI wishes to thank the U.S. Senate Committee on Environment and Public Works Subcommittee on 
Water and Wildlife for the opportunity to submit these comments for the record in regards to its hearing 
on "Nutrient Pollution: An Overview of Nutrient Reduction Approaches." If you are interested in 
discussing this letter or the materials included along with it, please contact me by telephone at (202) 515-
2700 or via e-mail at fwest!Ziitfi.org. 

Sincerely, 

Ford B. West 
President 
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4R Universal Scientific Principles 
'"'' ,~Jp!n'; 

RIGHT SOURCE 

RIGHT RATE 

RIGHT TIME 

nutrient staw.:trdshir 

RIGHT PLACE 
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The Fertili:r.cr Jn:-ililule 

Agriculture is Facing Challenges What are the 4Rs? 

Answering the Challenges 

NRCS and the 4Rs 
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Opportunities for Increased Adoption of 4R Pathways for 4R Implementation 

Maryland NRCS Offer a Tiered 
590 Nutrient Management Standard ···~·00 

4R Implementation 
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